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ADDRESS IN PHYSIOLOGY, deUvered at the Meeting of the 
British Afisociation at Nottingham, by PROFESSOR Humphry, 
F.RS. 

It is, I feel, no small honour to be called upon to preside over this 
section which represents the very highest branch of physical science. 
I say the highest branch of physical science because it has to deal 
with the highest and hardest of physical problems. The animal 
frame, which it is our work to investigate, stands at the summit of 
the great physical cone, with man at the apex, by whom it is, as it 
were, slung firom heaven, in whom the material is worked up to the 
point of contact with, and made subservient to the purposes of the 
spiritual. Indeed so complex is the animal organism, so intricate 
and varied are the questions in physiology, that it is apt to pass out 
of the range of science, and become too much a matter of speculation 
and an object of mystery; so that there is some danger of its being 
degraded by the very difficulties and features which should really 
place it in the highest position among sciences. 

Infinitely varied in its forms and structure, suited to every con- 
ceivable condition, where air, moisture and heat are present, yet 
developed from one simple type, composed of various elements 
combined in the most intricate manner, with endless modifications 
of mechanical, chemical, and electrical processes, besides others which 
it is scarcely possible to recount or observe, much less to comprehend, 
and which we group under the term * vital,' the animal machine 
presents interests for every mind, puzzles for every genius, and 
chaUenges the whole army of science and philosophy, through all 
coining ages, to concentrate their fire and attempt even its outer 
works. Impelled by the irresistible impulse for knowledge, cheered 
by continual victory, we march, and not slowly, ever onwards, and 
value our laurels none the less because each fresh one tells of more 
that must be won, and shows the final goal receding as we near it. 

rinding, as we do, that the animal machine is the resultant of 
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2 PROFESSOR HUMPHRY S 

all the properties or forces of matter, combined and harmonized by 
that most mysterious of them which we call the 'vital force/ we 
claim as fellow-labourers the workers in every division of science, 
and watch with interest each discovery, knowing that, in whatever 
direction it is, it has a bearing, more or less direct, upon our own 
study, welcoming all, digesting and appropriating what we can. 

Both as regards the groimd, therefore, which has been already 
turned, and that which remains to be explored, physiology afiPords the 
grandest field for labour, and provides occupation for every feculty. 
In no other science, perhaps, do observation and reflection so dis- 
tinctly stimulate and help one another. It is chiefly by clear rea- 
soning, by induction from ascertained facts, that physiology is to be 
studied and advanced; and though a short flight into the regions of 
imagination, now and then, may show a beacon light and help us 
better to track the path of knowledge, the lights there seen are too 
commonly ignes fatui, exciting and misleading. Hence the study of 
physiology is one of the best exercises of the mind; and the greater 
appreciation of it as such is being shewn by the admission of it, 
slowly and cautiously, it is true, into our educational system. It is 
taking its place in our Universities; and I am convinced that it and 
the other branches of natural science will be found at least as suit- 
able instruments for cultivating and strengthening the various facul- 
ties of the mind, particularly those of observation and reflection, as 
any of the more favoured educational subjects. In looking to the 
future of young England, and its prospects in the struggle — the hard 
struggle — ^I will not say for existence but for position, among nations 
that seems to be impending, one cannot but feel that very much 
must depend upon the effectual development of the mental faculties. 
It has been by force of mind and not by force of coal, that our 
country has been raised to its present height We must look to the 
same power to keep her in the fore front of nations. It is not the 
Miantonomoh, it is not the needle-gim, but the mind that conceives 
and the energy that makes and wields them, which gains the victoiy. 
If, as I am sometimes disposed to think, the old educational soil, 
upon which so many generations have been tmined, is in some degree 
wearing out, it will surely be none the less productive for the intro- 
duction of new elements. At. any rate they will bring out fresh 
powers to meet the changing circumstances of the times. 

For the higher reasoning, combining, and analytical faculties, 
abundant scope and exercise wiU be found in the attempts to unfold 
the laws by which we live, and move, and have our being; and full 
reward is given by the glimpses which, from time to time, we attain 
of the. wondrous workings of creative power. As an illustration of 
this I need only mention the elucidation of the processes of develop- 
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ment, evincing as they do, a simple, uniform law, miderlying and 
working out the vastly diverse forms and structures of vegetable 
and animal life. Surely the knowledge that the tough oak-plank, 
the blade of grass, the lion's claw, the contracting muscle, and the 
thinking brain, all emanate from simple forms which, so far as we 
can tell, are perfectly alike, and, further, that the entire plant or 
animal also emanates from a simple form or cell which is undistin- 
guishable from the rudiments of its several parts, is as full of 
interest, and as suggestive of high thought as any one of the frag- 
ments of knowledge which man has worked out for himself in the 
whole range of physical science; and what better exercise can there 
be than that of tracing the operation of the great law of uniformity 
of plan from this simple starting point, and witnessing the manner 
in which it holds its ground through all the infinite modifications 
by which plants and animals are adapted to their several positions, 
and to one another? 

I will not however detain you with this, but pass on to one or*two 
other matters. 

The microscope has lately been to physiology much what the 
steam engine has been to manufacture and transit. It has opened 
up new regions for observation and given an entirely new direction 
to our thoughts. The structure of the several tissues and organs has 
probably been made out as far as the present means permit, and we 
are occupied now in investigating their mode of formation and con- 
nection with one another. There seems much reason to think that 
they are more closely related, more continuous, than we have been 
in the habit of regarding them. There is now little doubt of the 
continuity of the nerve fibres and the nerve vesicles; and it is not 
improbable that the other or peripheral parts of the nerves are con- 
tinuous with the several tissues among which they ramify, with the 
deeper prolongations of epithelium, for instance, with the elementary 
structure of muscle, and with the filaments of areolar tissue. The 
continuity of areolar tissue with serous, fibrous, and mucous mem- 
brane, on the one hand, and with the intimate structure of the various 
organs, on the other, is more clearly shown; and a veiy general and 
extensive continuity is thereby established. The cornea is continu- 
ous with the sclerotic, and so with the optic sheath and dura mater. 
Even epithelium, which we were wont to regard as a distinct external 
and easily separable sheath, is found to send its filamentary prolon- 
gations into the subjacent organs, which become blended with the 
areolar and nervous and perhaps with the lymphatic systems. The 
epithelium of the glandular tubes is, in some organs, undistinguishable 
from the cells which occupy the stroma. The blood-vessels, in many 
animalSy are continuous with the areolae of the tissues; and, in all, the 
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4 PBOFESSOB HUMPHRY'S 

ultimate circulation takes place through the tissues, the nutritious 
fluid passing freely, to and fro, between their interstices and the in- 
terior of the capillaries, where capillaries are present We are thus 
reminded of the fact that in their embryonic period the several struc- 
tures, or the potential rudiments of them, were all blended in a 
homogeneous germinal mass; and we learn that though they have 
become differentiated they have not become entirely separated, but 
retain in their mode of connection, the traces of their common pa- 
rentage and of their early continuity. Such a blending of ultimate 
tissue, as a remnant of embryonic condition, assists us to explain 
many things, such as the transfer of impressions and what we call 
sympathy, that are at present difficult to understand, and is an addi- 
tional illustration of the simple method by which, in nature's works^ 
great ends are attained. 

We perhaps scarcely realize and appreciate the bearing of the 
fact, that all the various tissues are formed from a primitive, homo- 
geneous, and continuous plasma, by the formation and individual- 
ization of 'portions,' 'centres,' 'masses,' 'cells,' or whatever we please 
to call them, and their development into structure. Attention has 
been directed almost exclusively to the formation and development 
of these masses and too little to the mode and degree of their separa- 
tion ; though the latter is a process little, if at all, less important 
than the former, and must be effected by something analogous to 
what we call absorption. Indeed, the work of absorption, or hollow- 
ing out, during the embryonic state is little less active than that 
of secretion or building up. We are familiar with its work in the 
formation of the areolae and cavities of bone, in the removal of the 
parts of the iris and eyelids that do not become developed into per- 
manent structure; but we are not perhaps sufficiently impressed with 
the fact that the various cavities, canals, and spaces in the interior 
of the body are due to the same process, and that the failure or 
arrest of it may be the cause of many of the so-called adhesions of 
serous and other surfaces, b& well as of the imperforate condition 
of canals and of the union of parts that should be free. 

The transition from the investigation of the fine processes of the 
animal organism to the consideration of the forces by which they are 
.brought about is a natural, a neeessary step, though, I need scarcely 
say, it takes us into a region where advance must be slow, and where 
difficulties seem almost insurmountabla We are probing here into the 
very deepest recesses of nature and inquiring into her closest secrets, 
and we feel ourselves almost to be 

Children ctying in the night, 
Children oiying for the lig^t, 
And with no language but a ery. 
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Yet cry we must ; and in time we shall get some, though perhaps 
nerer a full, reply. Indeed, when the questions that here arise shall 
have been fiilly answered, when man shall be entirely satisfied as 
to the essential nature and the first causes of that which he sees ; 
when these deep problems shall be worked out, when the penetralia 
of nature's temple shall be thoroughly explored, science will have 
told its tale, and the physical world will cease to afford its mind- 
arousing interest for u& Of such satiety however we need have no 
apprehension. .Increasing knowledge only further shews our ignorance, 
that kind of ignorance, at least, which gives more stimulus to know- 
ledge ; and thus the acquisition of knowledge and the attendant con- 
sciousness of ignorance together carry us on till the time when we 
shall know as we are known. 

It is quite clear that what we call Chemistry, with its attendants 
heat and electricity, plays a most important part in the animal 
machine; and, probably, more information as to the nature of the 
organic processes is to be expected from their chemical study than in 
any other way. Especially is this so now that the subtle method of 
spectral analysis is beginning to be applied to organic research and 
with such success as to render it impossible to calculate what may 
be the results of the application of this exquisitely delicate test. 
We have found out that there is a very close relation between 
a complex atomic formula and the vital processes, the amount of 
chemical tension which is expressed by the former being com- 
mensurate with the character of the latter, and the amount of 
chemical change which takes place in the textures being commen- 
surate with the activity of the vital processes. There seems good 
reason to believe that a muscular fibre is the container of a given 
amount of chemical force compressed by the medium of a high 
chemical formula and existing, therefore, in a high state of tension, 
that during its contraction the compressed force is set free by the 
decomposition of its structure, that is by the resolution of its com- 
ponent elements, chiefly by a process of oxidation, to a lower formula 
or a state of lower tension, at the same time that heat is evolved 
and electrical changes take place; though the latter are not yet 
distinctly defined. It is impossible, therefore, to avoid the applica- 
tion here of the doctrine of * correlation of force/ which is being so 
clearly worked out in the inorganic world, and which seems to be 
the greatest advance that has for some time been made in our know- 
ledge of the laws of matter. We can scarcely doubt that the chemical 
force which is set free during the decomposition attendant upon 
muscular action, whether it be by the decomposition of the nitroge- 
nous or the hydro-carbonous elements or of both, is the equivalent of 
the contractile force that is evinced and of the heat that is evolved 
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In other words, a muscle may be regarded as the medium by which 
force ia accumulated, rendered latent^ or condensed in a condition of 
high chemical tension and is, from time to time, as occasion may re- 
quire, set free and converted into muscular or contractile force and 
heat. 

It seems probable that such is the cafie; and we may look for the 
more clear demonstration of it, with some ooniidenoe, as a real gain 
to physiology, inasmuch as certain of the animal functions will be 
thus withdrawn from the mysterious region of life into the more 
intelligible domain of science. 

Not that we must make too much of this and be too proud, and 
assume that^ because we are able to refer a little more of animal 
process to the ordinary phenomena of matter, we may relinquish the 
idea of a vital agency altogether. Let us remember that we really 
know very Uttle of those phenomena, not much more than we do 
about life. Attraction and chemical affinity, heat, light, electricity, 
magnetism, and motion, are all expressions for forces, of the nature of 
which we are, and perhaps shall ever remain, ignorant. They may 
be, and probably are, modifications of one force, of one force showing 
itself in different ways; and it is something to arrive at this. It may 
be that life is another modification of the same force ; and it will be 
something more to arrive at that. We need not shrink from such a 
result; but we have not yet attained to it^ and have no right to 
prejudge that it is, or that it is not» and to quarrel with those who 
hold a different opinion. Suffice it to admit that there is still much 
in vegetables and animals that we cannot explain by reference to the 
ordinary laws of nature, and which we refer to another law or power 
and call it life. For instance, in the case of muscle just alluded to ; 
though the state of chemical tension may explain much, stiU, we know 
not how that tension, that complex formula, is brought about, and we 
cannot approach to an imitation of it. We know not how it is 
maintained. We know not how the force so pent up is liberated 
and converted into muscular action. We cannot explain these phe- 
nomena^ much less those of growth and development, by reference to 
the chemical or other properties of matter; and until we can, we must 
be content to fall back upon the additional mysterious agent 'life.' 

So with certain other vexed questions which are, in some measure, 
allied to this one. Can, or rather does, any combination of the 
ordinary forces of matter ever lead to the phenomena of life ? If they 
are proved to be correlative with the vital force it might seem that 
some show of probability would be given to such a view. But we 
must remember that for the manifestation of vital force a living being 
is, so far as our observation at present goes, absolutely necessary; 
that is, life has never been known without a living being, without 
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a fotm, without a medium for the exercise of the vital force; 
just as there is no manifestation of attraction, or heat, without 
the medium — ^matter — through which they act Thus we are im- 
paled upon the horns of the dilemma — ^life is not manifested without 
a living being or medium, and the medium cannot exist without 
life — a dilemma from which our knowledge of the properties of 
matter is, so fsur as I can see, unequal to rescue us ; and our only 
refuge is in the admission of a creative power to which the medium 
and properties of life, in the same way as the medium and ordinary 
properties of matter, owe their simultaneous existence. We must 
allow this for the present, without reference to the future progress of 
discov^y ; and, without being seduced into that over-much wisdom 
which is another expression for folly, must be content to reason from 
what we know. Further observation may supply other bases for our 
reflection, and widen the area of our thoughts by showing that matter 
is endowed with properties which enable it to aggregate into living 
forms ; but no sufficient ground for such an assumption has yet been 
given. 

A subject for investigation, nearly akin to that last mentioned, and 
which may, perhaps, one day, tend to throw some light upon it, is 
the transition from life to death, a change which, under ordinary 
circumstances, takes place in the most deUcate, insensible manner; so 
that it is impossible to say when and how life ends and death begins. 
I speak not of that rude and sudden termination of the bod/s life 
from disease or decay — that somatic death — ^which we usually asso- 
ciate with the word 'death,' but which is in nature comparatively so 
rare that it may probably be regarded as rather exceptional and 
abnormal than natural. I refer to the mode in which the parts of 
the ultimate tissue of the body become changed and cease to exist, a 
process so subtle as to elude observation and to prove that the 
boundary line between life and death is hard to define. Even in the 
instance of the cuticle, a structure comparatively under the eye, as we 
watch the transition of the spherical deeper components to the flat- 
tened forms of the superficial strata^ and the disintegration of the 
latter, partly by external influences, we are at a loss to decide where 
living force ends. Indeed there seems to be no point at which that 
can be said to take place. And, if with regard to the components of 
it and the other tissues we assent to the view that their external or 
'formed' parts are lifeless and their internal or 'germinal' parts are 
alone endued with living properties, we still have to ask where is the 
division between the two ? Where does the 'germinal' or living end, 
and the ' formed ' or lifeless begin, and how is the latter done away 
with 1 Clearly it is not by an abrupt disintegration or solution, but 
by some slow insensible process which savours rather of atomic change 
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than of destruction. Then, one is inclined to ask, if the passage from 
the living to the unliving condition be of this insidious, inappreciable 
nature, may there not be a converse of a like kind, an insensible 
origination of, or conversion into life and life's forms, going on some- 
where in the far recesses of nature's womb. I do not think we are 
bound to shut out the thought of such a possibility. It seems a fair 
question to entertain; but admitting it as a question, we must refrain 
from the tendency to give a hasty answer in the affirmative. 

Granted, therefore, for the present, that the medium, the living 
form, was given or created with the vital property, does it remain the 
same in kind through aJl succeeding generations ? or is it capable of 
undergoing changes, slowly and gradually, or, perhaps, if needs be, 
more rapidly, so as to adapt it to various circumstances and con- 
ditions, so as, in short, to evoke, in time, the diverse forms which 
animal life is known to assume; or must each of those forms have 
been the result of a special creation similar to that which we suppose 
in the first instance ? One might have judged this to be a question 
which a careful examination and comparison of the different species, 
and the circumstances under which they are found, would have 
enabled us to decide with tolerable ease and certainty. But it has 
been found that it is not so. On the one hand, we see changes in each 
individual, whereby the complete being is evolved from the simple 
germ, changes that are suggestive of a corresponding evolution of the 
varied animal forms from one humble beginning. We find aU tiie 
different animals emanating from the same point as a centre — ^the 
simple germ which presents precisely the same features in them all. 
We find them all carried along the same high-road of development 
and diverging to acquire their respective peculiarities ; so that certain 
structural types are largely traceable among them, binding them 
together and suggestive of a common origin. We can arrange them 
in gradational series, not one series but several, of which one culmi- 
nates in man. We find each animal eo suited to its position and so 
surely disappearing when the conditions cease to be favourable to it, 
and as a necessary consequence of the alteration of those conditions, 
as to suggest that it was modified from a common standard not 
merely /or but by the conditions which surround it. The records of 
the earth's history prove this adaptation to have been the case in 
former times as well as now, the faunas varying in correspondence 
with the variations in the surface and climate and temperature of our 
planet ; and we can clearly prove certain modifications in species to 
be caused by changes in the external conditions in which they have 
been placed. Moreover, by attention to external circumstances and 
selection .in breeding, we can induce deviations in the offspring and 
so imitate, it has been suggested, the process that goes on in nature. 
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These, with some other considerations, coincide with our scientific 
yearning to unfold the plan of the universe and trace in its growth 
and the development of its parts the operation of natural law. They 
seem to give us hints as to the mode of construction of the animal 
kingdom, which it is the legitimate work of physiology to gather up 
and weave into a consistent theory according with some new concep- 
tions of creative plan. 

But, on the other hand, so high a point on the hill of knowledge 
— a point imagined rather than yet seen — can be but slowly reached. 
Much labour is required to clear away the thickets and level the 
ground, lest the springs of genius carry us down rather than up. 
Much observation must be made and much evidence accumulated 
before we can see our way to a theory of transmutation of species. 
The only valid, but it is a cardinal objection to such a theory, is the 
want of evidence that a change of the kind inferred really takes 
place and that so little proof of it is forthcoming in spite of the 
attention which has, for many years, been anxiously directed to the 
subject. The nearly allied species tantalize us by a certain flexibility 
of type and by their near approach to one another; but they seem 
rigidly to abstain from the boundary lines; and the variations that 
take place seem to have no especial reference to an approximation 
to those lines, but rather to a certain power of accommodation to 
external circumstances necessary for the preservation of the species. 
We find considerable varieties in the human species. We do not 
clearly yet know how to connect even these with one another or with 
a common origin. Some of these are more, some less allied to the 
monkey; but between the lowest of the human and the highest of 
the monkey there is a gap, the width of which will be differently 
estimated by different persons, but so wide that there has never yet 
been any doubt to which side any specimen should be refen*ed. 
Now, if the one has been transmuted from the other, how comes it 
that the series has been broken and the connecting links ceased to 
exist. The conditions are still favourable to the existence of the 
man and to the existence of the monkey; why are they not still 
favourable to existence of the species that have connected the one 
with the other ? — ^we may wonder, not only that the traces of species 
in past time are not forthcoming, but that the species are not now 
living. Moreover, we do not know that any conceivable conditions, 
operating through any number of years, would bring the gorilla or 
chimpanzee one whit nearer to man, would give them a foot more 
capable of bearing the body erect, a brain more capable of conceiving 
ideas, or a larynx more capable of communicating them. It is 
possible that such changes might be effected. One would fancy it 
probable; but we have at present too little right to assume it; and 
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the more extended the research without increasing the evidence the 
less does the probability becoma 

Neither do I think that much direct assistance has been given 
by the theory of natubal selection based upon the stbugqle fob 
EXISTENCE, ably propounded after long and careful research and 
ably defended as it has been« It has dispersed some of the fallacies 
and false objections which beset the idea of transmutation of species 
and has so placed the question in a fairer position for discussion ; but 
it reminds us forcibly of some of the real difficulties and objections. 
Though artificial selection may do much to modify species, it is 
rather by producing varieties than by drawing away very far from 
the original stock. To the former there seems no limit; but the 
latter is stopped by the increafdng unproductiveness and unhealthi- 
ness of the individuals, by the susceptibility to disease and the 
tendency to revert to the original type. So that increasing departure 
requires greatly increasing cai*e; and we do not know that any 
amount of care and time would be suffiqient to produce what might 
fairly be called a new species. The bringing about any marked 
change by nature's selection is shown to be very hard of proof, and 
has opposed to its probability the fact that the members of a species 
which are most unlike have the greatest tendency to pair and are 
the most fertile; so that we have here, in addition to the ready 
reversion of modified breeds to the original stock, a law by which the 
growth or perpetuation of peculiarities is prevented and a constancy 
given to the characters of the species. This law is more striking 
from its contrast with the bar that exists to the pairing of different 
species and the infertility of hybrids. Within a given range dis- 
similarity promotes fertility. Beyond that range it is incompatible 
with it. 

These and other considerations have always inclined me to the 
opinion that modifications of animal type, occurring in nature, are 
more likely to be the result of external agencies operating upon 
successive generations, influencing their development, their growth 
and their maturity, than of 'natural selection' and 'struggle for 
existence.' But greater effects of these and other similar agencies 
must be shown before we ought to admit the evidence of their 
power to work out the great changes that have been attributed 
to them. 

In pondering over the definiteness of animal types, so marvel- 
lously elaborated from a simple form, their slight variability through 
long periods, the clear manner in which they, many of them at least, 
are marked out from one another, and which increasing investigation 
seems to render more and more apparent; the prospect of proving 
that they are educed from one another by any of the hitherto 
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supposed processes seems to grow more and more distant, and the 
feeling arises that there must be some other law at work which has 
escaped our detection. 

We are familiarized with the fact that in the inorganic world 
combinations take place only in certain definite proportions^ for 
instance, that oxygen unites with nitrogen in one proportion to make 
nitrous oxyde, in a second proportion, a multiple of the first, to make 
nitric oxide, and so on to the fifth proportion or multiple, which 
gives nitric acid, and that between these five several fixed propor- 
tions no combinations take place. So that the resultants of these 
and other similar combinations — ^the inorganic species, as we may 
call them — are remarkably constant and fixed in their characters. 
Each has its one form, as in the case of a crystal of chloride of 
sodium, or sulphate of magnesia, which may be broken down or 
dissolved but which cannot be modified or made to approach, still 
less to pass into, any other form. 

May there not be something analogous — some corresponding 
law of combining proportion — presiding over living matter, educing 
the various forms, fixing their characters, giving them constancy, in 
fact, evolving and fixing the species and preventing or hindering 
their transmutation ? 

It will be understood that I am not speaking of the combining 
proportions of the elements in the several animal tissues, which we 
know, or have every reason to believe, to be as fixed as in ordinary 
inorganic matter, though the combinations are more complex and 
the formulae are, in consequence, harder to work out I speak now 
not of this, but of something comparable with this and suggested by 
this, operating, not upon individual particles, but on masses, regu- 
lating, not the chemical composition and form and features of the 
tissues, but the form and features of the animal. As oxygen unites 
with nitrogen only in the definite multiple proportions represented 
by the figures 1, 2, 3, 4, 6, and under certain circumstances, pro- 
ducing, in each instance, a special compound unlike any other and 
marked off from the nearest approaching compounds by distinctive 
features and without any intermediate gradations : so, in the animal 
and vegetable world, the combinations requisite for evolving living 
beings may be regulated in a similar manner, taking place only 
in certain fixed proportions and under certain circumstances and 
educing certain definite forms, each of which is unlike any other 
and is marked off from its nearest approach by clearly distinctive 
features and without intermediate gradations. As each chemical 
compound (say nitric oxide) remains in its given condition, without 
change, till circumstances have culminated to favour and induce a 
change, which then takes place, not by slow gradation, but by sudden 
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start, to some other definite compound (say nitrous or nitric acid) : 
so the several animal forms may remain fixed till the conditions for 
a change, which conditions may be external to themselves, are 
complete. Then the change may take place, and, not by slow gra- 
dations, but by sildden start, by something resembling a new creation, 
other definite and clearly distinct forms or species, be produced. 
Thus, as complementary and similar to the laws of 'uniformity in 
design' and ' variety in detail,' we may suppose to work on together 
the laws of 'gradation' and 'interruption;' by the one the living 
ladder is shaped and bound together, as a whole ; by the other the 
steps are preserved distinct, i.e. the individuality of the species is 
^ven and retained. 

At any rate, whatever be the law and forces which effect and 
regulate the evolution of species they are probably of the same kind 
as those which are operating in the inorganic world. The orderly 
and definite manner in which forms and features and specific cha* 
racters are given and preserved in the one instance may be assumed 
to be of the same nature as in the other; and we must probably refer 
the fixed animal and vegetable types to influences identical with or 
similar to those by which the forms are assigned to crystals, and the 
stratification is given to rocks, by which the geological epochs have 
been determined, and the boundaries of our planetary and solar sys- 
tems have been set One caunot but think that it may be within the 
power of man to work out and to comprehend, in some degree at 
least, the principles by which these breaks in the organic and inor- 
ganic works, constituting as they clearly do an important feature in 
the plan of creation, are brought about and regulated. 

The pendulum of opinion on this great question — ^the question 
of working by general law or by special interferences — ^may be ex- 
pected long to swing to and fro ere it rests upon a settled conclusion^ 
In the meantime it will help to keep the wheels of science going 
and add fresh knowledge to our heap. 

And let us not shrink from the free, bold, fair discussion of these 
and other kindred subjects, under an apprehension that they are 
calculated to lower the religious element and shake the faith. Such 
discussions, and the thoughts which give rise to them, are a necessity, 
an inevitable result of advancing science, which it is as impossible to 
stop as the progress of time itself; and that which is inevitable 
must be accepted. 'Twould show a want of faith to resist it. Know- 
ledge may be man's trial; but that applies to knowledge of all kinds, 
of that which is esteemed good as well as of that which is esteemed 
eviL Certainly the fruit of its tree brings responsibility; but respon- 
sibility is man's highest dignity, and opens one of the avenues to the 
tree of life. Theological zeal and scientific zeal are both good, and 
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representatives of good elements in man's nature — ^the element of 
faith and the element of thought. Both should co-operate in the 
work of purifying and elevating the character; indeed the one cannot 
advance safely without the other. Still they will, now and then, 
come into collision and threaten to undermine one another, needing 
forbearance and discretion to restore their harmony. One cause of 
the occasional outbursts of the odivmfi iheologicum is, I think, due to 
a fault on the side of the theologiana Not satisfied with, or distrust- 
ing, the really unassailable position on which their fortress stands, 
with its foundations deep laid in man's consciousness and Qod's 
work, they have endeavoured to raise outworks on the shifting 
ground of natural science, by drawing arguments £ix>m analogy, by 
associating special views of creation and resurrection with true re- 
ligious belief, and by insisting on certain literal interpretations of the 
physical medium through which spiritual truth has been conveyed 
to us. Hence each unfolding of the material laws is liable to be 
regarded with suspicion, lest it should sap the foundations that have 
been thus unwisely propped. ReUgious arguments drawn from the 
physical world are very liable to prove two-edged swords cutting both 
ways according to the manner in which they are wielded, or staffs 
that penetrate the hands of those that lean upon them. Theology 
may rest safe upon her own position and watch with confidence and 
satisfaction the advancing waves of science, feeling assured that, 
though they may beat at times rather roughly upon her, they will 
soon calm down under her leavening influence, and simply add to 
and strengthen her soil 

And we may work patiently on, not pressing hastily to conclusions 
which our aspirations seem to point to, but relying on careful ob- 
servation and honest reasoning to give us a solution of some of the 
great problems which animal life presents. 



It will be perceived that the * law of interruption' as I have called 
it, is quite compatible with a 'derivative hypothesis' of organic being, 
and even with the ' law of continuity' so ably traced in the inorganic 
and the organic world by the president of the British Association in 
his inaugural address at Nottingham. It takes cognizance of and 
would explain the groupings into 'masses,' 'strata,' 'series,' 'systems,' 
'classes,' or by whatever terms we may indicate the natural divisions 
which form so prevalent and important a feature in the universe 
that we cannot ignore them, while it admits the possibility of se- 
quence, or succession, pervading the whole. There unquestionably 
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are inten-uptionB in the organic series; they are patent wherever 
we look. Some are more marked than others. There are many 
things to suggest an underlying continuity; and the work we have 
to do is to reconcile the interruptions with the continuity, and to 
show how the various species have been derived from one another, 
or from a common origin, supposing, as most physiologists are now 
inclined to do, that such is the case. Has thii) been done by a 
gradual transition? and if so how and why have the intermediate 
links disappeared? or have the changes been more sudden, and have 
gaps or interruptions, corresponding with those we now see, existed 
through the several stages of animal life up to this period? The data 
for the aDswers to these questions are probably forthcoming. The 
keen and extended enquiry of the present age may supply them; 
but they do not seem to me to be sufficiently accumulated and sifted 
to justify confidence in present convictions. 



OBSERVATIONS ON THE COMPARATIVE MICROSCOPIC 
ANATOMY OF THE CORNEA OF VERTEBRATES^ 
By W. H. LiGHTBODY, M.D. Edinburgh. 

1st Ik Makmat.ta. The cornea is a pecuUar modification of the 
white variety of connectiye tissue, with certain superadded struc- 
tures, viz. a structureless or elastic lamella, pigment cells, two layers 
of epithelium, capillaries, lymphatics and nerve-elements; these 
structures, in the different divisions of the Vertebrata, vary more 
or less in their development, in the proportion which they bear to 
each other, in their arrangement, and sometimes in their intimate 
structure. As a rule, they are all present, but now and again one 
or more may be absent. 

Until lately the cornea has been considered a structure per se, 
distinct from the tissues surrounding it, and set in the sclerotic 
as a watch-glass in its frame: that this view was erroneous was 
pointed out first by Schwann, but was by no means soon acknow- 
ledged. I believe that some do not as yet adopt it, though it is 
-vety easily shown by a vertical section through the apparent junc- 
idon of the cornea and sclerotic, when the rounded, confusedly in- 
lerlaced bundles of the latter, with its irregular, stellate, corpuscular 
elements, will be seen disentangling themselves, becoming by degrees 
flattened, ribbon-like and tolerably parallel, the corpuscles elongating 
or rather becoming also flattened, and so in a vertical section show- 
ing only, or little more than, their edges. From their lying between 
the bundles in the cornea they appear in more or less continuous 
rows. 

The relation between the cornea and sclerotic, as far as their 
optical properties are concerned, is just the same as between the 
transparent and opaque ''troubled" varieties of rock crystal: in each 
transparency is due to the free transmission of light, in each an 
arrangement of the component particles, causing reflection irregularly 
in the substance, and so preventing free passage to light, produces 
opacity; but I hardly think that this is a difference sufficient to 
justify the rejection of the cornea as one variety of connective tissue. 

LameUcB of the Cornea. — ^When a vertical section of the cornea 
of a mammal is examined, especially if it has been previously dyed, 
a laminated appearance more or less perfect is seen; this effect is 
given by a number of longer or shorter very flat ovals, mixed with 

^ This Memoir oondBtB of extracts from a Thesia presented in April 1S65 to the 
Medical Faculty of the University of Edinburgh, by whom a Qold Medal was awarded 
to the Author in Angufit 1866. 
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a compaxativelj small number of long more glassy strips, aided by 
the arrangement of the corpuscles : the ovals are the transverse and 
oblique, the strips the longitudinal sections of the bundles. The 
former present a finely granular appearance, the latter have a glassy 
look, much resembling the structureless membranes. 

The bundles are connected to each other by a gelatinous form of 
connective tissue, which varies greatly in quantity and consistence 
in diflferent animals: in the rabbit it is abundant but hard; in the 
rat it is also abundant, but so soft, especially near the margin of the 
cornea, that if the conjunctival epithelium be scraped oflf rather 
roughly, it is squeezed out of place, and presents much the same 
aspect as Bowman's corneal tubes, which I believe are generally 
considered to be the artificial separation of the bundles. 

This gelatinous substance is dyed by carmine, though not so 
deeply as the corpuscles and their processes, which lie imbedded in 
it, yet deeper than the tissue composing the bundles: this last is 
hardly dyed at all, unless the solution of carmine is very strong; 
and what it does absorb then is tolerably easy to wash out 

The bundles do not lie on the same plane throughout their 
whole length, neither do they keep a straight course, but they pass 
under and over the neighbouring bundles, usually ascending or de- 
ficending the depth of one or two bundles at a time, seldom more^ 
their lateral curves, in the same manner are not sudden, seldom even 
approaching a right angle. 

The bundles composing the posterior (inner) portion of the cornea 
are thicker, not so undulating or so tortuous as those forming the 
middle portion; and these again are far more regular than the most 
anterior lamellae. These often present a very interlaced and undu- 
lating appearance; this is to some extent a natural arrangement, but 
often it is greatly increased during the preparation of the section. 

. This last occurrence appears to me to depend on three things: 
first, the cornea is part of a hollow sphere, with its parts arranged 
so as to have equal tension through its entire thickness in that 
form; when therefore the whole cornea is dried flat on a piece of 
glass, for the purpose of cutting sections, the outer layers will be 
relaxed, compared to the inner, and would naturally become wavy, 
as much as permitted by their attachments. In proof of this, when 
a third or a quarter only of the cornea is dried, the tension on the 
posterior layers being taken off, the anterior are allowed more 
liberty, and when cut into sections, there is generally less waving 
than in sections cut from the entire cornea. 

Secondly, a blunt knife by cutting unequally may also produce it. 
Thirdly, if in mounting the section the glass cover is pressed down 
and then pushed to one side so as to produce a rolling movement, 
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the upper surface of the section may be pushed beyond the corre- 
sponding part of the lower surface, with the effect of increasing the 
irregularity. 

The two last causes act of course on all the lamelke, but more 
on the anterior, because, the bundles being smaller, there are more 
joints in a given space, and so more capability for motion is also 
present. 

To the same cause is due the milkiness of the cornea after death ; 
the fluids of the eyeball evaporating relax the tension of the cornea, 
especially of the anterior layers, the ready transmission of light from 
the one layer to the next is thereby interfered with, and opalescence 
is produced. 

The peculiar transition of the sclerotic to the corneal tissue 
begins to show itself earlier behind than in front, so that the 
diameter of the inner surface is rather greater than that of the 
external, and the sclerotic is as it were bevelled to the inside : in a 
section of this part, therefore, parallel to the tangent, true cornea is 
seen to the inside, and true, or slightly modified sclerotic, on the 
outside. I think that this arrangement is for the prevention of false 
lights, which would be produced if the glistening sclerotic came close 
to the line of refraction; as it is, especially when pigment is de- 
veloped in this situation, it acts as a diaphragm. 

It is of course impossible to state with certainty what may be the 
length of any one of the bundles making up the cornea^ but as far as 
I have been able to make out in the sheep, some of the bundles may 
be traced in a radial direction, for perhaps a third of the radius, as 
distinct and separate, then thinning off to nothing, losing themselves 
amidst other bundles, or dividing in the direction of either their 
thickness or breadth, and so giving origin to, or joining two or more 
bundles 

The bundles do not appear to have any special arrangement, but 
seem to cross each other in all directions, principally at acute angles ; 
some few bundles, especially at the margin of the outer surface in 
some animals (sheep), seem to be arranged circularly ; in man they 
are arranged radially at this point. 

The bundles are composed of white fibrous tissue, the fibres of 
which are very closely agglutinated, and arranged perfectly parallel 
to the sides of the bundle, but in the horse some of the bundles 
have their fibres wavy like ordinary white fibrous tissue, but more 
flattened. 

One great difference between this and other forms of connective 
tissue is the entire absence of yellow elastic tissue. 

The number of bundles making up the vertical thickness of the 
cornea^ in other words, the number of lamellae, varies greatly in 

VOL. I. 2 
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different animals^ also, though not to so gr^t an extent in different 
individuals of the same species, especially with relation to age, 
appearing to lessen by the union of overlying bundles; as age 
advances the thickness of the bundles themselves being also in- 
creased. 

This change seems to begin first in the middle lamellae, and to 
proceed to each surface, but it progresses faster with the posterior 
layers than with the anterior, so that by adult life little difference is 
perceptible between the middle and posterior layers. I shall have 
occasion to revert to this again. 

Corpvsdea of ihe Cornea, — ^In the gelatinous substance connecting 
the bundles are imbedded the usual corpuscles of connective tissue, 
but they present in this situation a much more regular form than in 
most others. 

In a vertical section they show as elongated "spindle-shaped" 
bodies, generally with a thickening or nucleus at some one or more 
parts; it may be with a few processes going off into the surrounding 
tissua 

In a horizontal section they present an irregular stellate ap- 
pearance, with numerous branching processes, the principal of which 
go off in a quadripolar manner ; most of these branching processes 
seem to lose themselves in the surrounding tissues, but the larger 
ones often appear to anastomose with the processes from neighbouring 
cells. 

Towards the edge of the cornea these becoine less regular, first 
of all fusiform, and then identical with the corpuscles of the sclerotic : 
the superficial cells also in some animals, especially the Rodentia^ 
have a different shape, very little body, but the processes very long, 
large, and freely anastomosing with each other, in a looping manner, 
something like the arteries of the mesentery. 

They vary greatly in number in different animals, and are far 
more abundant in young than old comese ; in fact, the cornea of the 
human foetus of between 4 and 5 months' development is almost 
entirely made up of them alone, and very much resembles the skin 
of the same age. (PI. i. fig. 1.) 

At this age the greater number are mere oval bodies, not more 
than one in ten or so having processes, and the intervening sub- 
stance, the future white fibrous tissue, is hardly present. By the 
eighth month the corpuscles are large, with several large processes, 
but with few small ones, the interposed tissue is also fully developed. 
(PL I. fig. 2.) Future changes seem to be, the increase and harden- 
ing of the white tissue, the disappearance of some of the corpuscles, 
and the development on the others of the fine processes. 

In the adult cornea, particularly in aged persons, the corpuscles 
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of the middle aad posterior lamellae are few and scattered, while 
in the anterior layers, where active nutrition is still going on, for 
the production of the conjunctival epithelium, they are almost as 
numerous as in the mature foetus. (PL I. fig. 3.) 

Are the coi"puscles of the cornea "cells"? I believe them to be 
as much cells as the white corpuscles of the blood ; they do not seem 
to have any distinct cell-wall, but they seem to be masses of a 
gelatinous substance, "protoplasm" or the "germinal matter" of 
Dr Beale. This substance contains one or sometimes more nuclei, 
and pushes out processes into the surrounding tissue ; it also seems 
capable of motion, within at any rate the space it occupies. 

The movements which I here allude to are, I think, identical with 
those performed by the pigment granules in the pigment cell : thus if 
to a fresh cornea very strong acetic acid be added, and the uncut 
cornea be then examined so as not to interfere with the corpuscles 
in any way, the corpuscles appear to be all or nearly all spindle- 
shaped, and few or no processes are to be seen. If a cornea be 
then treated with weak instead of strong acetic acid, 8 or 10 drops 
to an ounce of glycerine, allowing the cornea to remain in for a 
considerable time, the protoplasm by degrees shrinks and leaves the 
wall of the cavity, it also becomes transparent^ showing its nuclei, 
while the processes are also often very well seen, the whole then 
strongly resembling an isolated lacuna of bone. 

Now for the same object to take two such very different forms, 
some kind of movement must have taken place. Recklinghausen 
describes another kind of movement in the corpuscles of the cornea, 
of the frog indeed ; but what applies to this animal will, I think, 
in such a matter apply equally to mammals. He states ^ that if a 
thin section be cut from the cornea as soon as the animal is dead, 
and this examined, moistened with aqueous humour, and carefully 
prevented from drying, the coi-puscles will be seen pushing out and 
drawing in their processes, and working their way about in the tissue, 
actually crossing the field of view. 

Ktihne also states" that " the protoplasm contained in these cells 
is capable of performing ' spontaneous ' movements of an exceedingly 
torpid character, but gradually changing the form of the cell from the 
stellate to the fusiform shape, or the reverse." 

" The excitation of an interrupted current of electricity, or of 
sudden changes of temperature, more rapidly effects the alteration in 
form." 

Kiihne's observations I consider are well corroborated by my 
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own; Recklinghaudeii's I have tried twice^ but failed to see what he 
describes^ very likely from inexperience. 

Elastic lamina. — ^The posterior surface of the cornea is lined by 
a perfectly differentiated structure^ easily separated from the rest of 
the corneal substance. 

This structure has gone by a great number of names, such as 
" Basement Membrane of the Aqueous Humour," ** Descemet's Mem- 
brane," " Membrane of D^mours," " Structureless layer," and " Pos- 
terior elastic lamina." 

As some of these names indicate, it is a membrane on which the 
epithelium of the aqueous humour is immediately placed; it presents 
no determinable structure under the highest powers of the microscope, 
usually appearing glassy, rarely somewhat granular, it cuts very 
crisply, sometimes showing a series of longitudinal lines, as if it were 
made up of very fine lamelke, at others vertical striations similar to 
those seen in st^ jelly when cut ; it is also very elastic considering 
its thickness is so small 

This elasticity is shown in two ways. In the first place, it has a 
strong tendency to curl up with its corneal surface inwards, when 
separated from the cornea; secondly, when it is cut or pricked it 
retracts on all sides, making an aperture far larger than the instru- 
ment used. It resists the action of most if not all reagents, such as 
chromic acid, acetic acid, caustic potash and soda, (unless nearly 
saturated solutions) absolute alchohol, and boiling water; it is deeply, 
dyed by carmine \ It is often thicker at the margin than in the 
centre of the cornea, sometimes indeed very much so. 

It is generally described as terminating just outside the margin 
of the cornea^ by dividing into three parts; of these, the innermost 
passing to the iris forms the ''ligamentum iridis pectinatum;" the 
other two separating from each other enclose the ** circular venous 
sinus" or ''canal of Schlemm," and are then lost in the substance of 
the sclerotia This account I consider erroneous, firstly, because the 
cases in which there is a ligamentum pectinatum iridis seem to be 
the exception rather than the rule, and of these in some I think the 
process belongs to the iris and not to this membrane; secondly, be- 
cause I have never as yet seen any sinus in this position. I shall have 
occasion, when on the vascular arrangements of the cornea^ to point 
out where the venous sinus really occurs. 

The true description, I think, would be that it terminates just 
beyond the margin of the cornea by becoming fibrous, which fibres 
are lost in the areolar tissue, which is the anterior termination, or 
point of attachment, of the ciliary muscle. In some ij-nimalfl free 

1 Would Dr Beale for this reaapn oaU it **germinal matter"? 
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processes, either entirely fibrous, or partly fibrous and partly com- 
posed of the same structureless tissue as the membrane itself, are 
sent off firom its free surface to the iris, while the greater part goes 
on and ends as in other animals. There is a remarkable exception 
to this description in the seal, in which animal at the point of transi- 
tion of the sclerotic into cornea, a bed of tissue closely resembling 
tendon on section is interposed between the cornea and the elastic 
lamina : this bed is thick towards the sclerotic and ends in a rounded 
form, towards the cornea it rapidly thins and ends in a sharp edge. 
The elastic lamina sends into this structure five or six digitations, 
which are sometimes branched and end in slightly clubbed extremi- 
ties, while a small portion passes on to the areolar tissue in front 
of the ciliary muscle. 

The function usually ascribed to this membrane to maintain the 
proper curve of the cornea is, I think, an insufficient explanation of 
its use; for I do not know that it ever forms a ^i^th of the thickness 
of the cornea, sometimes ^th, or even less; for example, in the seal 
this membrane just inside the edge of the cornea is only ^Tj^z^th of an 
inch, while in the centre it thins off to TY^xny*^ ^^ *^ ^^^^' ^^^ ^^^ 
cornea of the seal is rather, though not excessively thick. From the 
habits of the animal it will have to support very sudden changes of 
external pressure: if then the preservation of the curvature of the 
cornea depended on this layer, we should expect to find it under such 
circumstances unusually thick, but it is just the opposite: on the 
other hand, in the sheep and horse, animab both having very thick 
comese, well able to maintain their own curvature, especially as they 
have no abrupt changes of external pressure to undergo, this mem- 
brane is exceedingly thick. 

The means by which the curve of the cornea is maintained, I 
believe to be the tension of the eyeball, kept up by the due secretion 
of aqueous and vitreous humours. 

Another proof that the development of this membrane is not 
dependent on the curve of the cornea, may be found in the com- 
parison of the comese of the rabbit and guinearpig: they are both about 
the same size and thickness, that of the guinea-pig being rather the 
thinner; they are also about the same curvature, the rabbit being 
rather the flatter; yet Descemet's membrane in the rabbit is j^^th 
of an inch thick, in the guinea-pig it is only ^^jV^f^^* 

I think that it may have two principal uses; Istly, preventing the 
too rapid absorption of the aqueous humour by the cornea ; 2nd)y, 
acting as a tendon to the ciliary muscle. 

When I say that it may serve as a tendon to the ciliary muscle, 
I do not mean that the curve of the cornea is at all altered ; tense as 
is the eyeball in a normal condition, this could hardly be effected by 
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such a muscle as the ciliary ; all that I mean is, that it is the point 
of resistance for the muscle. 

Descemet's membrane is much thinner in young animals than in 
adults ; thus, in the human foetus of from 4 to 5 months it cannot be 
distinguished ; in the new-bom kitten it is only ^^th of an inch thick, 
in the nearly adult cat it is 4oVo^^ ^^ *^ ^^^^ thick. 

Perhaps this is the best place to speak of a structure, described 
by Bowman and His, on the anterior surface of the cornea, analogous 
to the structureless membrane already described. Bowman, who was 
the first to describe it, speaks of it in the human cornea as a layer 
from T^xny*^ ^ 2^*^ ^^ ^^ ^^^^ thick, very like the posterior elastic 
layer in appearance and characters, but much more intimately united 
to the proper substance of the cornea, by a series of "fibrous cords" 
passing down into the anterior layers. To this arrangement he attri- 
butes the functions of providing a smooth surface for the support of 
the conjunctival epithelium, and maintaining the curvature of the 
cornea. 

His states that he has seen it in man, the ox, the sheep, the pig, 
the rabbit, and the guinea-pig, but not in the horse, goat, dog, or cat. 

I believe this membrane, except perhaps in the human cornea, 
to be an optical illusion, caused in this way. The conjunctival 
epithelium is of different density and refracting power from the 
corneal tissue proper; their surface of apposition therefore forms a 
reflecting surface, from which the light is reflected through the an- 
terior layer; more light in this way is sent through this layer in 
addition to that naturally passing straight through it, consequently 
it appears to be more transparent, more glassy than the other 
lamellse, especially when not in exact focus. I have seen this ap- 
pearance more frequently in the cats than other animals, and attri- 
bute it to the exceedingly regular manner in which the bundles in 
these animals are arranged, while in the rabbit, in which the anterior 
layers are comparatively irregular, and the external surface of the 
cornea proper not smooth, I have never seen it ; but in this animal 
the corpuscles may occasionally be seen in close apposition to the 
epithelium. 

With regard to Bowman's " fibrous cordage," in most animals (in 
all that I have examined except man, in whom they are much 
smaller and more numerous) they are the tracks of nerves. I had 
long suspected this, but had no proof (among mammalia at least) ; but 
fortunately one of my friends lately gave me the eyes of a mountain- 
hare : one of these I dried on glass and cut sections from, in some of 
which the "fibrous cordage" was well seen (PI. i. fig. 4), marked 
out here and there by rows of yellow-brown fat globules; the other 
I prepared for the nerves, when I found that they were considerably 
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decomposed, and that many were resolved into the same yellow-brown 
fat globules as I had seen in the section& On looking again at the 
sections, after some trouble I found two or three distinct ''nerve- 
cells," such as I shall describe farther on. 

The structure in man to which I have alluded as the only repre- 
sentative of Bowman's "anterior elastic lamina" that I know, is, I 
believe, a slightly modified form of the cornea itself, not a distinctly 
differentiated structure: it appears to be formed by the fibres gf the 
anterior bundles of the cornea separating in a fan-shaped manner, 
inclining to the surface and then interlacing very closely, so that 
it presents a very finely granular look. 

Corneal Pigment-— ^ust at the junction of the cornea with the 
sclerotic, and extending a small distance into the former, there are 
in many animals pigment-cells. 

They are arranged in the manner of a diaphragm, projecting into 
the cornea, farther towards its anterior than posterior surface, and 
preventing by this disposition the passage of false lights. 

They are situated with the cornea-corpuscles in the gelatinous 
medium connecting the bundles, when very numerous seeming to 
take their place. In structure they resemble the ordinary pigment- 
cells, and, like them, show evidence of the movement of the pigment- 
granules; as sometimes in the same animal they are seen with the 
processes very dark, while the body of the cell is clear, at others the 
body of the cell is filled with pigment, and the processes are barely 
discernible. 

In form they may be distinct, or more or less connected together, 
stellate, fusiform, rod-shaped, or without any determinate form. 

They are most abundant where there are vessels, but are wanting 
in albinos of course, in whom however vessels are present. They 
rarely project far beyond the capillaries, but I have twice seen them 
near the centre of the cornea, in which cases they took a compara- 
tively regular stellate shape. 

Epithelium of the Cornea, — ^Each surface of the cornea is provided 
with a covering of epithelium. The epithelium of the anterior sur- 
&ce is a slight modification of the ordinaiy epidermic epithelium, 
prolonged over the cornea from the conjunctiva: it is composed of 
several layers of cells; of these the deepest are rather elongated, rest- 
ing on the cornea proper on their ends; the next are about equal in 
their length and breadth, and from thence to the surface they gradu- 
ally become more and more flattened, until at last they are nearly as 
thin as the outer cells of the epidermis; their nucleus however always 
remains distinctly visible. 

This coating varies in thickness in different animals; it is also 
often thicker at the margin than in the centre. It seems to me that 
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it is the last-formed portion of the cornea, and that it grows over the 
cornea from the margin, for I have specimens from the new-bom 
kitten, showing it pushed over the cornea about the 3^^ ^^ &^ inch, 
while the rest of the cornea is bare. That it could not have been re- 
moved by maceration, is proved by the same section showing the 
epithelium of the aqueous humour; the other cornea shows vessels 
and nerves. 

The other layer of epithelium is that of the aqueous humour; it is 
supported directly on the elastic lamina, and consists of a single layer 
of nucleated cells placed just touching each other, not crowded: they 
are as thick in the young animal as the adult, but perhaps not 
quite so large; in the newborn kitten this layer and Descemet's 
membrane together are about j^th of an inch thick, of which the 
membrane forms only about the fourth part. 

It has been described as exceedingly perishable; I have not found 
it so : it may nearly always be found if looked for within three or four 
days affcer death; and I have found it in a cornea that had been in 
spirit for two months, and in a human foetus that had been dead 
for a week. The object-glass used has a great deal to do with its 
visibility. 

Nerves of the Cornea, — Although it is thirty years or so since 
Schlemm discovered nerve-fibres in the cornea, comparatively few 
observers appear to have directed their attention to them; the only 
names that I am acquainted with as having published anything about 
them since Schlemm's discovery, being Rahn, His, KoUiker, Ciaccio, 
Kiihne, and Beale: others, though they did not see them, were mostly 
content to take the sensibility of this part as an evidence of nerve- 
fibres being present in it. 

It is singular that they should have been so seldom seen, for 
acetic acid by itself will show them in many mammals and birds, and 
in some reptiles. The process that I have found most successful is as 
follows: 

Let the conjunctival epithelium be removed from a perfectly 
fresh cornea very gently. This is best done by acting on it with 
caustic potash for a time, varying with the thickness of the layer, but 
the shorter the better; it can then be removed by passing the edge 
of a blunt knife over it with as little pressure on the cornea as pos- 
sible. The potash must then be carefully washed away, and dilute 
acetic acid added, to neutralise any remaining potash, and so prevent 
it acting on the cornea, and make it take the dye more easily; this is 
then washed off", and a very weak ammoniacal solution of carmine is 
put on and left, with occasional stirring, until a light and uniform 
tint is given. The carmine is then washed away, and strong acetic 
acid added; the effect of this is watched at very short intervals, and 
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HS soon as the nerves are tolerably well seen it is run off, and a 
mixture of equal parts of glycerine and camphor- water added. The 
specimen can then be mounted, either in this medium, or, what is in 
some respects better, in glycerine-gelatine. ^ 

If the cornea be very thick it is better not to act much on it with 
the strong acetic acid, but to put it into strong glycerine to which a 
little add has been added, and leave it there for a fortnight or more 
before attempting to make any sections from it. 

If possible, in preparations for the nerves the whole cornea should 
be mounted in its thickness, for horizontal sections, however carefuUy 
made, always destroy a great number of the nerves. When sections 
are absolutely necessary the cornea should be soaked in glycerine for 
at least four days to harden it, and then the slices cut with a very 
sharp knife dipped in glycerine. It is sometimes an advantage to 
dye them in a solution of the carminate of ammonia in glycerine, 
after the process of Dr Beala 

The precautions to be observed in preparing the nerves are, 1st, to 
procure fresh comese; 2ndly, not to allow the caustic potash to act so 
long as to reach the cornea proper, as it at once destroys the finest 
fibres; Srdly, to use the cornea throughout with the utmost gentleness; 
4thly not to dye too deeply; lastly, not to act too long with the strong 
acetic acid, as it disintegrates the nerve-fibres. 

I have succeeded sometimes in displaying the nerves by the use 
of a magenta dye, but it seldom does so well as carmine, and very 
soon fades away. 

If a cornea cannot be mounted at once it may be preserved for 
some time in the strongest glycerine: I have mounted some tolerably 
successfully which had been kept for two months. Spirit does not 
do well; it soon makes them granular, and if they are fine destroys 
them. 

The nerves of the cornea seem to be derived from the ciliary 
nerves alone; though I do not say positively that none come into it from 
the conjunctiva, yet I have never seen any in spite of many trials. 

The ciliary nerves pass forward in the grooves in the sclerotic. 
When they reach the ciliary muscle they divide into two sets of 
branches, one of which goes to supply this muscle and the iris, the 
other set passes yet more forward and is distributed to the cornea. 

This set may again be divided into two, the superficial and the 
deep; of these the superficial are usually much smaller and pass 
outwards to the surface, dividing as they proceed. When they reach 
the margin of the cornea they are very near the surface, all being 
contained in the anterior fourth of the thickness, and the trunks are 
few, composed of more than two fibres, and by far the greater 
nmnber are entirely resolved into single fibres. 
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The deep set are much larger than the superficial, and do not 
divide so much, so that they reach the margin of the cornea still as 
large trunks : their place of entrance is about the middle of the 
thickness, occupying perhaps the middle third. 

No fixed number of nerve-trunks appear to enter the cornea, 
though Dr Ciaccio seems to consider that each animal has a definite 
number ; but, according to my observations, they vary, not only in 
different animals of the same species, but in the two comeae of the 
same individual, both inversely to the number of fibres in the super- 
ficial layer, and to the size of the trunks themselves; for when 
these are large the number of trunks is small. Having reached the 
cornea the trunks become excessively hyaline, from the loss of the 
white substance of Schwann, of which only a very thin coating can 
be seen, just after the entrance of the nerve ; it also disappears very 
shortly ; many of the fibres are without even this, and the solitary 
superficial fibres are entirely without it, being reduced to the axis- 
cylinder and a prolongation of the membrane containing the white 
substance of Schwann. 

The number of fibres composing the trunks varies greatly, from 2 
or 3 up to 20, or perhaps in some animals more, but it is impossible 
to say, fi-om the size of a trunk, what number of fibres it may contain, 
for the fibres become imbedded in much the same kind of gelatinous 
substance as that connecting the bundles of the cornea, and this 
varies greatly in amount, and also fibrillates under the action of 
acetic acid. Thus I took notice of a trunk in the cornea of a dog, 
after I had removed the epithelium, and saw distinctly that it 
contained three fine dark bordered fibres, well separated firom each 
other; after tinting and treating with acetic acid, the same trunk 
looked as though it contained 10 or 12 fine non-medullated fibres, but 
its distribution only showed three fibres. 

The trunks do not enter the cornea at regular intervals ; they are, 
I think, rather more numerous at the sides of the cornea than at 
the top and bottom, often also a comparatively large part of the 
circumference may be found, without any entering trunk; a large 
trunk near will then be found to bend aside, follow the curve of the 
margin, and, giving off branches from its concave side, supply the 
deficiency. 

Sometimes a trunk immediately on entering sends off a branch 
to a neighbouring trunk (generally a weak one), which thus rein- 
forced, passes on to its distribution, or a trunk may divide into two 
parts, and both join other trunks. 

Having entered the cornea, the fine superficial nerves at once 
begin to be distributed, by forming a polygonal meshwork between 
the bundles composing the 3 or 4 anterior lamellae, occasionally 
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coming right to the surface so as to be covered only by the 
epithelium. 

This meshwork is more or less close according to the animal, and 
is formed by the division and union of the fibres ; at nearly every, I 
believe at every, point of division or junction there is an enlargement, 
usually triangular, but often quadrangular or multangular, according 
to the number of fibres meeting at that point. 

These enlargements I consider to be true nerve-cells, in fact, they 
bear a strong resemblance to the cells of the spinal cord ; they were 
first seen, I think, by Ciaccio, and were called by him "peculiar 
bodies." In structure they consist of an investing membrane con- 
tinuous with the membrane of the fibres, and contents, which during 
life perfectly transparent, are coagulated, and rendered granular by 
reagenta 

If the specimen has been successfully prepared a vesicular nucleus 
may be seen in many, often in one of the angles (PL I. fig. 6) ; oc- 
casionally two nuclei are met with, particularly in those cells that 
have more than three angles ; they appear sometimes to contain also 
a little pigment 

The cells are exceedingly thin, and are placed usually parallel to 
the surface of the cornea, not often at right angles or very obliquely. 

The superficial nerves forming the meshwork pass inwards for 
perhaps half the radius, meanwhile the deep trunks passing in form 
also a network, but a very much coarser one than the superficial, and 
as they pass in, they proceed towards the anterior surface of the 
cornea, which they reach somewhere about the middle of the radiua 

The network of the deep nerves is formed in a difiFerent manner 
to the superficial meshwork ; the trunks divide usually by the mere 
separation of their fibres into two or more smaller trunks, which in 
their turn divide until the fibres become single ; the branches of one 
trunk ofiben unite with those of another. 

Occasionally, in some animals fi-equently, one of the fibres of a 
trunk, at a point of division, is connected with a large nerve-cell, 
and sends a fibre along each trunk. The solitary fibres also pass 
into large cells where they divide, the fibres going off being generally 
smaller than the fibre joining the cell, and also generally going to 
the surface. 

These large cells are the same in structure as the smaller ones 
belonging to the superficial set, but they are very usually polyclonic ; 
an irregular triangular pyramid is not an unusual shape, but they 
may have six or seven poles; they are also much thicker than the 
small nerve-cells, and are often placed vertically. 

By the time that the deep nerves reach the anterior lamellae, 
about the middle of the radius, they are reduced to nearly the same 



28 BR LI6HTB0DY, 

size as the superficial nerves ; these they then join by means of the 
nerve-cells, and they together carry on the meshwork to the centre 
of the cornea^ the nerves from all sides helping to form the meshwork 
here. 

Throughout the whole of this meshwork no free ending of a 
nerve-fibre is ever found, at least in a well-prepared cornea; moreover, 
nerve-fibre always passes into nerve-fibre through the medium of the 
nerve-cells ; they certainly never become connected with the cornea 
corpuscles. Ciaccio was the first to point out this distinctly, 
nevertheless Kiihne has lately written as follows : " Near the centre 
of the cornea the axis cylinder becomes very pale, varicose, and 
connects itself with one of the caudate prolongations of the stellate 
cells\'' 

I think that Kuhne's own words show why he fell into this 
mistake ; he describes the nerve-fibre as ''varicose ;" I suspect from 
this, that he examined either comeae that were not fresh, and con- 
sequently the nerves partly disintegrated, or sections and specimens 
which had been too roughly used. 

A properly and successfully prepared fresh cornea shows the 
nerve-fibres between the cells almost like fine threads of glass. My 
own observations in respect to the relation of the fibres to the stel- 
late cells fully bear out Ciaccio's statement, that " the only relation 
the nerve-fibres bear to the corpuscles of the cornea is that of 
contiguity." 

I have said that I believe that at every point of division of one 
fibre, or of junction of two or more fibres (by junction I mean not 
mere apposition, but the actual fusion of the one with the other), 
there is an enlaigement which from its structure and aspect, as well 
as from its connections, I regard as a true ganglionic nerve-celL 
Their universal presence has, I think, not yet been recognised; for 
Ciaccio, the most recent writer on the subject, though he recognises 
their occurrence, seems to regard them as comparatively rare, and 
figures nerve-fibres dividing without any enlargement whatever. I 
believe him to be wrong here, because, seeing their presence so very 
general, I was induced to re-examine the apparent exceptions, and I 
found that with higher powers I could see many cells that had 
escaped me before, particularly as my eye became educated. 

StiU there were some that defied all means to demonstrate a cell; 
but I think that these may be explained, some by the ceU being 
vertical instead of horizontal, others by two fibres running in close 
contact, and then separating. 

I may remark, that a lens with a large angular aperture is of 

^ BritUh and Foreign Med, CMr. Review, Jan. 1865, page 226. 
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considerable advantage, when the fibres are fine, and when the cells 
are very hyaline, a -^th of 55*^ showing many of both that a ^th of 
about 38^ could either not show at all, or but faintly. 

Very large polyclonic cells are sometimes seen in the superficial 
meshwork; these may perhaps be formed, sometimes at any rate, by 
the coalescence of two or more ordinary cells with three or four poles. 
I have a specimen from the rat showing a large cell with five fibres 
going off from it, and a large oval hole in the middle, showing evi- 
dently tliat it is composed of five triclonic cells. (PL u. fig. 1.) 

In the large triclonic cells of the deep nerves, where a tolerably 
thick trunk appears to merge itself in a single cell, and to give off 
only two fibres, is this to be taken as evidence of there being only 
one fibre in the supplying trunk? In other words, can two fibres of 
the same trunk go to form one cell in that trunk, and have only 
two fibres of distribution? 

I have seen, on one occasion, in the guinea-pig a large cell, with 
apparently but one fibre passing to it firom the periphery of the 
cornea^ whilst two fibres proceed from it towards the centre of the 
oomea, each of which soon divide with an ordinary cell at the point 
of division; yet the granular contents of the large cell were dis- 
tinctly divided into five masses, each of which almost seemed to have 
a nucleus. 

All the fibres given off by one of the ordinary cells of the super- 
ficial meshwork are pretty nearly equal in size; but occasionally we 
meet with a cell, one or all of the fibres of distribution of which are 
very much finer than the ordinary fibres, a fifth to one-tenth the 
size. These fine fibres it is difficult to trace for any distance, seldom 
even to a distinct termination of any kind : very rarely indeed I have 
succeeded in tracing them to another cell, either to an ordinary one, 
or to one bearing the same proportions to an ordinary cell as these 
fine fibres do to the other fibres. 

These fibres and cells I am at present inclined to consider as 
atrophied, their functional life being ended; but they may prove 
possibly to have some relation to another system of nerves, which I 
shall mention farther on. Connected with the trunks, especially with 
the larger ones, may be seen a few small fusiform nuclei, which appear 
to belong, most of them at least, not to the nerve fibres, but to the 
tissue they are imbedded in : they become rarer and rarer as the trunks 
become smaller, and in the superficial meshwork are very scarce. 

I have never seen the nerve-fibres in the meshwork with any 
nucleus involving their substance; very rarely a small nucleus may 
Jt>e seen adherent to the one side, but the fibres themselves pass from 
cell to cell, round and highly refractive, maintaining a tolerably equal 
diameter throughout. 
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own; Recklinghausen's I have tried twice^ but failed to see what he 
describes^ veiy likely from inexperience. 

Elastic lamina. — ^The posterior surface of the cornea is lined by 
a perfectly differentiated structure^ easily separated from the rest of 
the corneal substance. 

This structure has gone by a great number of names^ such as 
" Basement Membrane of the Aqueous Humour," " Descemet's Mem- 
brane," "Membrane of D^mours," " Structureless layer," and "Pos- 
terior elastic lamina." 

As some of these names indicate, it is a membrane on which the 
epithelium of the aqueous humour is immediately placed; it presents 
no determinable structure under the highest powers of the microscope, 
usually appearing glassy, rarely somewhat granular, it cuts very 
crisply, sometimes showing a series of longitudinal lines, as if it were 
made up of very fine lamellse, at others vertical striations similar to 
those seen in stiff jelly when cut ; it is also very elastic considering 
its thickness is so smalL 

This elasticity is shown in two ways. In the first place, it has a 1 

strong tendency to curl up with its corneal surface inwards, when 
separated from the cornea; secondly, when it is cut or pricked it 
retracts on all sides, making an aperture far larger than the instru- 
ment used. It resists the action of most if not all reagents, such as 
chromic acid, acetic acid, caustic potash and soda, (unless nearly 
saturated solutions) absolute alchohol, and boiling water; it is deeply, 
dyed by carmine \ It is often thicker at the margin than in the 
centre of the cornea, sometimes indeed very much so. 

It is generally described as terminating just outside the margin 
of the cornea, by dividing into three parts; of these, the innermost 
passing to the iris forms the "ligamentum iridis pectinatum;" the 
other two separating from each other enclose the " circular venous 
sinus" or "canal of Schlemm," and are then lost in the substance of 
the sclerotic. This account I consider erroneous, firstly, because the 
cases in which there is a ligamentum pectinatum iridis seem to be 
the exception rather than the rule, and of these in some I think the 
process belongs to the iris and not to this membrane ; secondly, be- 
cause I have never as yet seen any sinus in this position. I shall have 
occasion, when on the vascular arrangements of the cornea, to point 
out where the venous sinus really occurs. 

The true description, I think, would be that it terminates just 
beyond the margin of the cornea by becoming fibrous, which fibres 
are lost in the areolar tissue, which is the anterior termination, or 
point of attachment, of the ciliary muscle. In some fl.ninnfl.1fl free 

1 Would Dr Beale for thi3 reaapn caU it ''genmnal matter"? 
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processes, either entirely fibrous, or partly fibrous and partly com- 
posed of the same structureless tissue as the membrane itself, are 
sent off from its free surface to the iris, while the greater part goes 
on and ends as in other animals. There is a remarkable exception 
to this description in the seal, in which animal at the point of transi- 
tion of the sclerotic into cornea, a bed of tissue closely resembling 
tendon on section is interposed between the cornea and the elastic 
lamina : this bed is thick towards the sclerotic and ends in a rounded 
form, towards the cornea it rapidly thins and ends in a sharp edge. 
The elastic lamina sends into this structure five or six digitations, 
which are sometimes branched and end in slightly clubbed extremi- 
ties, while a small portion passes on to the areolar tissue in front 
of the ciliary muscle. 

The function usually ascribed to this membrane to maintain the 
proper curve of the cornea is, I think, an insufficient explanation of 
its use; for I do not know that it ever forms a ^i^th of the thickness 
of the cornea, sometimes ^th, or even less; for example, in the seal 
this membrane just inside the edge of the cornea is only ^tjVif*^ ^^ ^^ 
inch, while in the centre it thins off to igjoo^ ^ ^^ ^^ ^°^^- ^^^ *^® 
cornea of the seal is rather, though not excessively thick. From the 
habits of the animal it will have to support very sudden changes of 
external pressure : if then the preservation of the curvature of the 
cornea depended on this layer, we should expect to find it under such 
circumstances unusually thick, but it is just the opposite: on the 
other hand, in the sheep and horse, animals both having very thick 
comese, well able to maintain their own curvature, especially as they 
have no abrupt changes of external pressure to undergo, this mem- 
brane is exceedingly thick. 

The means by which the curve of the cornea is maintained, I 
believe to be the tension of the eyeball, kept up by the due secretion 
of aqueous and vitreous humours. 

Another proof that the development of this membrane is not 
dependent on the curve of the cornea, may be found in the com- 
parison of the comesB of the rabbit and guinea-pig: they are both about 
the same size and thickness, that of the guinea-pig being rather the 
thinner; they are also about the same curvature, the rabbit being 
rather the flatter; yet Descemet's membrane in the rabbit is x^u^''^ 
of an inch thick, in the guinea-pig it is only ^^th. 

I think that it may have two principal uses; Istly, preventing the 
too rapid absorption of the aqueous humour by the cornea ; 2nd]y, 
acting as a tendon to the ciliary muscle. 

When I say that it may serve as a tendon to the ciliary muscle, 
I do not mean that the curve of the cornea is at all altered; tense as 
is the eyeball in a normal condition, this could hardly be effected by 
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such a muscle as the ciliary ; all that I mean is, that it is the point 
of resistance for the muscle. 

Descemet's membrane is much thinner in young animals than in 
adults ; thus, in the human foetus of from 4 to 5 months it cannot be 
distinguished ; in the new-bom kitten it is only ^^th of an inch thick, 
in the nearly adult cat it is 4550^^ ^^ ^^ ^^^^ thick. 

Perhaps this is the best place to speak of a structure, described 
by Bowman and His, on the anterior surface of the cornea, analogous 
to the structureless membrane already described. Bowman, who was 
the first to describe it, speaks of it in the human cornea as a layer 
from "T^th to ^^^th of an inch thick, very like the posterior elastic 
layer in appearance and characters, but much more intimately imited 
to the proper substance of the cornea, by a series of "fibrous cords" 
passing down into the anterior layers. To this arrangement he attri- 
butes the functions of providing a smooth surface for the support of 
the conjunctival epithelium, and maintaining the curvature of the 
cornea. 

His states that he has seen it in man, the ox, the sheep, the pig, 
the rabbit, and the guinea-pig, but not in the horse, goat, dog, or cat. 

I believe this membrane, except perhaps in the human cornea, 
to be an optical illusion, caused in this way. The conjunctival 
epithelium is of diflTerent density and refracting power from the 
corneal tissue proper; their surface of apposition therefore forms a 
reflecting surface, from which the light is reflected through the an- 
terior layer; more light in this way is sent through this layer in 
addition to that naturally passing straight through it, consequently 
it appears to be more transparent, more glassy than the other 
lamellae, especially when not in exact focus. I have seen this ap- 
pearance more frequently in the cats than other animals, and attri- 
bute it to the exceedingly regular manner in which the bundles in 
these animals are arranged, while in the rabbit, in which the anterior 
layers are comparatively irregular, and the external surface of the 
cornea proper not smooth, I have never seen it ; but in this animal 
the corpuscles may occasionally be seen in close apposition to the 
epithelium. 

With regard to Bowman's " fibrous cordage," in most animals (in 
all that I have examined except man, in whom they are much 
smaller and more numerous) they are the tracks of nerves. I had 
long suspected this, but had no proof (among mammalia at least) ; but 
fortunately one of my friends lately gave me the eyes of a mountain- 
hare: one of these I dried on glass and cut sections from, in some of 
which the "fibrous cordage" was well seen (PL I. fig. 4), marked 
out here and there by rows of yellow-brown fat globules; the other 
I prepared for the nerves, when I found that they were considerably 
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decomposed, and that many were resolved into the same yellow-brown 
fat globules as I had seen in the sections. On looking again at the 
sections, after some trouble I found two or three distinct "nerve- 
cells," such as I shall describe farther on. 

The structure in man to which I have alluded as the only repre- 
sentative of Bowman's '^ anterior elastic lamina'' that I know, is, I 
believe, a slightly modified form of the cornea itself, not a distinctly 
differentiated structure: it appears to be formed by the fibres Qf the 
anterior bimdles of the cornea separating in a fan-shaped manner, 
inclining to the surface and then interlacing very closely, so that 
it presents a very finely granular look. 

Corneal Pigment — Just at the junction of the cornea with the 
sclerotic, and extending a small distance into the former, there are 
in many animals pigment-cells. 

They are arranged in the manner of a diaphragm, projecting into 
the cornea, farther towards its anterior than posterior surface, and 
preventing by this disposition the passage of false lights. 

They are situated with the comea^orpuscles in the gelatinous 
medium connecting the bundles, when very numerous seeming to 
take their place. In structure they resemble the ordinary pigment- 
cells, and, like them, show evidence of the movement of the pigment- 
granules; as sometimes in the same animal they are seen with the 
processes very dark, while the body of the cell is clear, at others the 
body of the cell is filled with pigment, and the processes are barely 
discernible. 

In form they may be distinct, or more or less connected together, 
stellate, fusiform, rod-shaped, or without any determinate form. 

They are most abundant where there are vessels, but are wanting 
in albinos of course, in whom however vessels are present. They 
rarely project far beyond the capillaries, but I have twice seen them 
near the centre of the cornea, in which cases they took a compara- 
tively regular stellate shape. 

Epithelium of the Cornea, — Each surface of the cornea is provided 
with a covering of epithelium. The epithelium of the anterior sur- 
face is a slight modification of the ordinary epidermic epithelium, 
prolonged over the cornea from the conjunctiva: it is composed of 
several layers of cells; of these the deepest are rather elongated, rest- 
ing on the cornea proper on their ends; the next are about equal in 
their length and breadth, and from thence to the surface they gradu- 
ally become more and more flattened, until at last they are nearly as 
thin as the outer cells of the epidermis; their nucleus however always 
remains distinctly visible. 

This coating varies in thickness in different animals; it is also 
often thicker at the margin than in the centre. It seems to me that 
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These nerves are, I believe, nerves of ordinary sensation, and such 
has been the general opinion of observers with one exception, 
Dr Beale. This gentleman, in a paper published in the Micros. 
Journal for 1864, page 13, considers them to be capillary nerves, and 
that they only convey sensations of pain in morbid states of the 
cornea, usually influencing the nutrition of the cornea. Now I do 
not deny that they may influence nutrition, but if they do so, the 
power must be extended to all other nerves of ordinary sensation ; and 
that these are such I think is shown by the great pain produced when 
a small portion of the corneal epitheHum has been scratched off There 
is another set of nerves in the cornea much more closely resembling 
Dr Beale's "capillary nerves," and such I believe them to be; to these 
I now turn. 

Among Dr Beale's numerous observations on nerves, he has de- 
scribed a plexus of excessively fine, non-medullated nerves, ramifying 
on and among blood-vessels, even to the terminal capillaries, illus- 
trating his observations by reference to the palate of the frog. In 
the course of my study of tissues in general, I repeated his observa- 
tions, confirming them as far as I could with the powers at my com- 
mand; and then turned to the cornea, in which, first in the sheep, 
and soon after in the rat, after some time I found nerves around, and 
in the immediate neighbourhood of, the capillaries, in essential par- 
ticulars bearing a close resemblance to those in the palate of the frog. 

In the rat these nerves are very distinct in appearance from the 
ordinary nerves before described, and present a great contrast in size, 
the ordinary nerves average in diameter from ^ ^'^^ th to ^ q\ ^ th of 
an inch, while the capillary nerves average from -y-^-^-o-g-th to Trwe-tl^ 
of an inch, some running so fine I believe as Vo-o-oir *h, though I never 
was able to get a good measurement of them, one I could rely on, 
with the micrometer I use. (PL II. fig. 2.) 

In the sheep they are much more numerous than in the rat, from 
the capillaries being so much more numerous; but the distinction 
between them and the ordinary nerves is less obvious owing to the 
much greater fineness of these last compared to those of the rat, 
while the capillary nerves are of about the same diameter. (PI. iii. fig. 2.) 

Perhaps a better name for these nerves will be tissue nerves; for 
they occur in the tissue surrounding and at some distance from the 
capillaries, as well as in their immediate neighbourhood. 

These nerves follow much the same arrangement as the ordinary 
nerves, in their terminal plexus. 

A moderately thick fibre (>^o'oo ^h of an inch in diameter say) enters 
the cornea in the neighbourhood, and on a level with the capillaries; 
it is usually single. Once I have seen one separating from a trunk of 
ordinary nerves; sometimes it enters in close proximity to the vessels. 
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but these are usually surrounded by fibres akeady forming their ter- 
minal plexus. 

From this it will be seen that, like the sensor plexus, the mesh- 
work formed -by these nerves is supplied from two sources, namely, 
nerves that have already become functionally active, (for I consider 
that a nerve is not functionally active until it has reached its termi- 
nal expansion,) in the sclerotic, and nerves that enter the cornea 
before they become so. These last very soon on entering the cornea 
become connected with a cell, the fibres which go oflf from this are per- 
'^^ps 1 a 6 o ^^ to , ^ . ^ 5 th of an inch in diameter, and very likely each 
divides again, and then joins the plexus of nerves that have already 
divided, ramifying above, below, and around the capillaries; also in 
the space of the loop, many pass beyond the limits of the capillaries, 
continuing to form a plexus for some distance, but one with more 
open meshes. Finally, this plexus seems to send off long compara- 
tively straight fibres, which may be sometimes traced a long way, 
being at last lost sight of; sometimes they seem to terminate in the 
cells of the sensor nerves. 

Whether this appearance be a deception or a fact, and whether 
the very fine fibres, which I have mentioned as occasionally seen 
among the ordinary fibres, have any connection with these nerves, I 
am not prepared to say. The mesh work formed by these nerves is 
supplied at the points of division and union with cells proportioned 
to the diameter of the fibres, so that the cells of the first and second 
division frequently show their nucleus; but in the majority this can- 
not be seen, especially the very small cells that may be found on the 
curious sheath which the capillaries possess. 

My reasons for regardiug these nerves as distinct from the nerves 
that have been before described, may be gathered from what I have 
said. They are, briefly, difference of size in fibre, cell, and mesh, and 
difference in position, being so very abundant round the capillaries; 
in fact I have only seen them numerous in ftTiiTnala that have the 
corneal capillaries very well developed, to wit the sheep and rat. 

I believe them functionally to be referable to the vasomotor sys- 
tem, taking this name in a wide sense ; for as capillaries are not con- 
sidered usually to be actively contractile, and if they are, aa these 
nerves are distributed beyond the capillaries, it would be absurd to 
call them vasomotor in a strict sense ; in other words, I would transfer 
Dr Beale's idea of the function of ordinary nerves to these, or to part 
of them, and attribute to them the office of influencing the nutrition 
of the cornea, in a reflex manner acting on the vessels supplying it. 

Vessels of Ike Cornea, — ^The vascular arrangements of the cornea 
consist of capillaries and lymphatics, which bear a very intimate rela- 
tion, the one to the other. 
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Tbe blood-vessels are capillaiies only, large and small; I have 
never seen an artery passing into the true cornea. In most animals 
the ciliary and sclerotic arteries are the source of the whole supply; 
but in the horse, dog, and perhaps man, a few capillaries- pass in from 
the conjunctival vessels. 

The capillaries form round the margin of the cornea a network of 
loops, with the convexity of each loop towards the cornea: they vary 
gi'eatly in their development; some animals have no capillaries in the 
true cornea, the loops occurring in the transitional portion between 
the cornea and sclerotic; while others send single loops, or large com- 
poimd tufts, far into the cornea, every gradation being found between 
these extremes. 

The capillaries usually pass into the cornea at about the fourth of 
the thickness of the cornea from the front, and in many animals this 
is the only place of entrance; but in others a few also enter just in 
front of the elastic lamina^ and in very thick corneas also between 
these. 

In the many healthy comeae I have examined, I have never seen 
the capillaries passing farther into the cornea than perhaps one-fifth 
the radius. 

Even the himian foetus of the 8th month shows no sign of capil- 
laries farther than the adult; and the new-bom kitten, with its cap- 
sule of the lens and m&mbrami pwpiUaris beautifully vascular, shows 
the capillaries of the cornea ending in loops a little inside the margin 
as plainly as the full-grown cat. 

The blood passing from the cornea is collected by large capillaries, 
and poured into a large vein that surrounds the cornea at some dis- 
tance outside its margin. (PI. ill. fig. 1 a.) This is the circular venous 
sinus of Schlemm: it occurs at about one-third the thickness of the 
sclerotic from the outside, not, as it is often described, where the 
elastic lamina loses itself; an artificial separation is very easily made 
in this situation, which has, I suppose, given origin to the idea of 
the sinus being in this place. 

The blood from the sinus is carried off by four or five large veins 
which pass backwards in the substance of the sclerotic, join the cho- 
roidal veins, and then emerge. (PL m. fig. 15.) In structure these 
capillaries resemble others, consisting of a membrane with scattered 
nuclei, well shown by caustic potash; their walls are not attached to 
the corneal tissue, but they are quite free (the gi*eater number at 
least) to swell out and collapse, according to the amoimt of blood con- 
tained in them, as vdll be shown in the description of the lymphatica 

When the cornea is irritated, capillaries are frequently formed, 
which afterwards atrophy, and they atrophy in this manner: the ves- 
sel contracts at the loop, and at last is obliterated; and the contrac- 
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tion progresses along the two capillaries forming the loop, so as gra- 
dually to shorten them, the free ends thus formed being pointed; 
beyond the point and along the sides of the vessel the corpuscles of 
the cornea are seen to be altered in form, being fusiform, and larger 
than usual; the capillary itself is of greater diameter than the ordi- 
nary onea (PL ii. fig. 3.) 

I had long been looking for lymphatics in the cornea without suc- 
cess. I had also long been familiar with an appearance round the 
capillaries of the cornea of the rat, resembling a very loose nucleated 
sheath, which I regarded as a sort of channel in the corneal tissue, 
larger a good deal than the Vessel, so as to allow the vessel to dilate 
and contract freely, according to the amount of blood needed by the 
cornea, which of course being a firm hard tissue would not admit of 
ready dilatation, if the vessel were immediately in contact with it 
on all sides. (PL II. fig. 2.) 

Some time after I first noticed this appearance, I was examining 
the cornea of a rat, from which I had partly removed the epithelium, 
and in it I noticed large rounded vessels forming loops at the margin, 
in the same manner as the capillaries usually do in that animal: 
these vessels appeared full of a fluid containing a good deal of granu- 
lar matter, and a few colourless round cells, I naturally at once set 
them down as lymphatics. Unfortunately I made no drawing of them 
in this state, thinking that they would be plainer when fully pre- 
pared; but in the subsequent manipulations most of the contained 
fluid was forced out, and they then presented the appearance I was 
already familiar with, with the exception of two or three loops, which 
still kept some of their granular contents, but had no capillary inside. 
If these were lymphatics, what relation did they bear to the capil- 
lary? They had not the appeai^nce of accompanying the capillary as 
the venos camites accompany an artery, and no division, or fenestration, 
wajs seen such as Dr Carter has described {Medical Titfies and Oazette, 
September 1864) in the arrangement of the lymph- vessels accom- 
panying the arteries of the liver. Neither could it be said that the 
lymphatics were simply superimposed on the capillaries. The most 
probable explanation of the appearance was that the capillary was 
enclosed within the lymphatic. 

This explanation I was very unwilling to adopt, as I had never 
heard such a relation mentioned, and I did not see how nutrition was 
to go on, according to the ordinary ideas; also, though I examined a 
great number of rats and other animals, I never again ^w the same 
appearance of large vessels filled with granular fluid. I began to 
think therefore that I had been mistaken in calling them lymphatics, 
and to revert to my original idea of a sheath,' and to consider that the 
appearance might be due to the cornea (though it seemed perfectly 
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normal) being in an incipient state of inflammation, and so exudation 
poured out into the sheath. A little after this, while examining the 
nerves, which I have described as capillary or tissue nerves, in the 
sheep, I was struck by the frequency with which rows of rounded 
nucleated cells occurred along one or both sides of the capillaries. 
(PL II. figs. 5 and 6.) These bodies were smaller and more regular 
in shape than the corpuscles of the cornea, moreover they possessed 
no processes; and a membranous sheath similar to, but not so strongly 
defined as that in the rat, was also usually seen enclosing them. 

At the root of the tuft of capillaries the same rounded bodies 
were seen often, in very great abundance, surrounding the capillaries; 
but occasionally a large vessel, two or three times the size of a capil- 
lary, with excessively thin walls, was to be seen, not enclosing any 
blood-vessel, but with a considerable number of the same bodies in it; 
in fact, but for these cells, the vessel would have been almost or quite 
invisible; very usually the cells were collected in the vessel in a mass, 
crowded and rounded towards the cornea, scattered towards the scle- 
rotic (PI. II. fig. 5 b) ; beyond the mass the vessel might with great 
difficulty be traced a little way, but from its excessive tenuity no 
determinate end could be made out, though it often seemed to go on 
to a capillary and join the sheath. 

The round bodies or cells seen in these situations precisely re- 
sembled the white corpuscles of the blood, in size, in being nucleated, 
and in being granular and rough. I connected this appearance with 
that which I have just referred to in the cornea of the rat, and re- 
garded it as additional evidence in favour of the view that the capil- 
laries were enclosed within lymphatic spaces. Shortly afterwards my 
attention was directed to a paper by Professor His (Siebold und 
KoUikers Zeitachrift 1865) in which he describes "perivascular 
spaces" surrounding the vessels of the brain and spinal cord, which 
he was able to inject, and from them to fill the lymphatics of the 
meninges. This observation gives me additional ground for believing 
that the arrangement I have described in the cornea must be referred 
to the lymphatic system. I have also tried to inject these vessels, 
but from the unfavourable nature of the tissue in which they lie, 
have only once succeeded, and that to a very limited extent; but I 
consider the evidence afforded by the presence of lymph-like corpus- 
cles in them better than any injection. I have seen similar arrange- 
ments in every cornea that shows the vessels, in the mammalia and 
birds, also in the iris of the pigeon. (PL iv. fig. 1.) 

I believe the Ijrmphatics do not terminate in the same way as the 
capillaries. Not unfi:^quently in the rat an oflfeet may be seen 
stretching beyond the capillaries into the cornea, and being lost 
there; also long, straight, structureless fibres may be sometimes seen 
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passiDg from them across the oomea, from which other shorter fibres 
spring at right angles; these, from a specimen which I have from the 
pigeon, I believe to be lymphatics without contained capillaries. 

These vessels seem to have an exceedingly fine membrane with a 
few scattered nuclei, as their sole constituent ; it is attached to the 
corneal tissue pretty firmly, but still is free enough to fall into folds 
when relaxed. 

In calibre they vary very much; when the capillary is fully 
distended with blood in the sheep it nearly fills it, leaving perhaps a 
quarter vacant; in the rat they are very much larger; they may often 
be found in the sclerotic. 

When capillaries are developed anew by irritation, the lymph- 
atics are also developed very largely, especially the free trunks. 

If the nerves, that ramify plentifully in the outer portion of the 
sclerotic coat of the human eye-ball and the lax areolar tissue on it, 
are careftilly examined, peculiar rounded or oval bodies will be seen 
connected with them, hanging on to them like a cherry on its stalk ; 
for at the first glance but one fibre can usually be seen, going to each, 
but with a power of 400 or more diameters, several additional fibres 
often come into view. (PL v. figs. 2, 3, and 4.) These bodies I believe 
to be ganglionic nerve-cells, similar to those described by Dr Beale 
from the sympathetic in the abdomen of the frog ; I also think that 
they are nerve centres belonging to the "vasomotor" system, taking 
this word in a wide seuse and making it include the motor nerves 
proper and the tissue nerves. 

My reasons for this opinion may be gathered from the following 
short account of them. They are rounded or rather spherical bodies, 
varying in size from ^ th to ^^^^ th of an inch in diameter, possessing 
a membrane which is very lax and wrinkled, which also shows a few 
nuclei; the contents appear to be granular, and a central more opaque 
portion is often visible. 

The larger cells have usually one nerve- fibre possessing a medul- 
lary sheath going to them^ which generally loses its sheath of white 
substance a short distance from the cell and proceeds as the axis 
cylinder alone ; the smaller cells have usually no such fibre. 

In addition to the dark-bordered fibres the larger cells have one 
or more, frequently four or five, very fine fibres passing aWay from 
them ; these are nearly always arranged in a spiral manner to each 
other and the large fibre. They are often nucleated, and sometimes 
divide dichotomously, with a small triangular enlargement at the 
point of division. 

Generally all the fibres pass from the same end of the cell, but 
sometimes when the cell is oval or very large, a few pass from the 
opposite end as well. 

3—2 
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In the small cells fine fibres alone are as a rule to be seen. 

The fine fibres may accompany the large fibre^ and join the nerve- 
trunk it comes from, these trunks being generally composed of dark- 
bordered and fine fibres, or they may pass to their distribution as an 
independent trunk of fine fibres alone. 

Now these fine fibres, when they can be followed to their distri- 
bution, are found to form a plexus, similar to that seen in the skin of 
the frog, in the palate of the same animal, and also to that of the 
tissue nerves of the cornea. These bodies are to be found as far 
forward as the ridges surrounding the margin of the cornea, here they 
are of the smallest size with only fine fibres; I think it not im- 
probable that those found in this situation may be connected with 
the tissue neires of the cornea itself. 

It might be suggested that these bodies were ''tactile corpuscles," 
but their structure does not resemble that of the touch bodies I have 
seen nor yet of the Pacinian bodies; moreover, the touch bodies occur 
in papillae, and in parts that are used for touch, not in parts where 
the perception of pain is all that is necessary. 

I may say, as making my opinion of their nature more stable, that 
I have seen, in immediate connection with the larger nerve-trunks in 
the palate of the frog, cells identical in appearance with those found 
in the abdomen of this animal I have as yet seen these structures in 
man only. 

2nd. In Birds. 

The cornea in the majority of birds presents an entirely different 
aspect to that of mammals. In a vertical section it seems like a 
single thick lamina of a sHghtly granular substance, with a number of 
fusiform corpuscles imbedded in it ; this is the appearance shown by 
birds such as the swallow, thrush, titmouse, finches^ wren, robin, 
magpie, lark, parrot, &c. (PL iv. fig. 2.) 

In the Baptores the cornea is much the same as in mammals, 
being composed of tolerably large bundles arranged at right angles to 
each other, and interlacing very regularly as if woven; the corpuscles 
are numerous and are placed very uniformly among the bundles, which 
are very thick in proportion to their breadth. (PI. iv. fig. 1.) I 
think that the cornea of other birds is formed exactly in the same 
manner, but the bundles are very small and closely imited, while 
the corpuscles are not so numerous and are arranged in an entirely 
different manner. 

In those birds first mentioned the corpuscles are small, on a 
surface view round, with several branching processes, which show a 
tendency to a quadripolar arrangement : in a vertical section they are 
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seen to be arranged in two principal layers^ the thickest of which is 
near the anterior surface, close to it in some birds, as the starling and 
wren; with a more or less broad band of corneal tissue, void of 
corpuscles, between it and the surface in others, as the swallow, linnet, 
magpie, parrot, &c.: this anterior layer of corpuscles often occu- 
pies ^th of the thickness of the cornea. 

The thinner layer is immediately in front of the elastic lamina, it 
often consists of only two layers of corpuscles, sometimes of only one, 
as in the robin. Between the two layers are found only a few 
scattered corpuscles, the comparative number varying greatly; there 
are but one or two in the lark, while they are rather numerous in the 
parrot. 

In the Raptores there is none of this grouping of the corpuscles ♦ 
they are more numerous in the very anterior layers as in mammals, 
but they occur uniformly, and very plentifully throughout the rest of 
the thickness of the cornea ; in these the vertical section hardly shows 
any processes to the cells, in the other birds plenty may be seen. 

There is the same change from sclerotic to cornea in birds as in 
mammals, but in the small birds it is very abrupt and often not 
very clear; in the eagle, on the other hand, it is as distinct as in 

Descemet's membrane is always present, but is exceedingly thin; 
in the eagle it is but inrVo ^^ ^^ ^^ ^^^^ thick, and in most birds not 
half so much ; in fact we should usually not be able to recognise its 
existence at all, but for the way in which it is thrown into folds when 
the cornea is laid out flat; it passes entirely to the areolar tissue on 
the inside of the sclerotic, never providing the iris with a ligament. 

The conjunctival epithelium is always well developed, the cells 
often show their nuclei very clearly: the epithelium of the aqueous 
humour is not often seen. 

The cornea of birds, especially of the smaller ones, is most plenti- 
fully supplied with sensor nerves; they are very distinctly divided 
into a deep and superficial set, and are much finer than the same 
nerves in mammals, the most superficial being frequently as fine as 
the tissue nerves in the sheep, though, owing to their much greater 
refracting power, and to the transparency of the cornea, they are far 
more readily seen, and they are also less interfered with by the 
corpuscles. 

The general description of the sensor nerves already given under 
the mammalian cornea answers very well for those of birds; but the 
meshwork is more irregular and closer, the cells very seldom show 
any nucleus, and many places of division, or of apparent division, are 
visible, which show no indication of an enlargement. The small size 
of the nerves, and their much more frequently ramifying in a vertical 
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direction, (as seen in sections) may I think account for much of this 
last difference. 

I have said that the superficial nerves are very fine; they are also 
very near the surface, consequently they are very often destroyed; 
and until lately I was ignorant of their existence, having mistaken 
the meshwork between the deep nerves and these superficial ones 
for the terminal plexus, as these intermediate nerves are both fine 
and abundant. 

The same method answers for the preparation of the nerves of 
birds as for those of mammals; but very great caution must be used 
with the potash and manipulations. 

The nerves vary in development in different birds; they are 

strong and numerous in the finches, not so strong but more numerous 

in the lark ; comparatively few in the wren, titmouse, magpie, &c. : in 

the eagle they are tolerably numerous, the fibres fine, the cells small, 

the meshes large, and very usually more or less regularly rectangular. 

In birds, generally, the large trunks enter the cornea often very 
near the posterior surfsu^e, and do not reach the surface until the 
centre of the cornea. 

■ 

Capillaries are very seldom seen. As a rule they do not extend 
beyond the pigment, which surrounds and hides them; when they 
are visible they are seen to have a very thin coat indeed, and are 
arranged in a very close and intricate network, each capillary 
sheathed in a lymphatic, which is very distinct when the capillary 
is only moderately distended. (PI. IV. fig. 3.) 

I have only seen capillaries in the pigeon, eagle, greenfinch, and 
titmouse, in these two latter only once out of many comeae; the 
pigeon is far the best to examine, in it many of the capillaries form 
little loops of a single capillary twisted on itself and standing up free 
into the conjunctiva; these show the lymphatics very plainly, as when 
looked down on, each loop looks like an oval cell with two strongly 
defined round nuclei, merging into a single indistinct oval one when 
the top of the loop is brought into focus. (PL iv. fig. 3 a.) 

I have also seen in the pigeon, in the cornea itself, narrow vessels 
with very ill-defined walls filled with granular matter; they occur as a 
group arranged in a rectangular manner lying at some distance from 
the edge of the cornea, a single larger vessel leading away from them 
to the edge of the cornea, where it joins another group of similar 
vessels; there are also a few isolated portions as it were around the 
edges of the first group. I am inclined strongly to look on these 
vessels as lymphatics; but whether this is the normal arrangement 
accidentally engorged, or a pathological production, I am not prepared 
to say; but at present I regard the former as the more probable. 

I have never seen any tissue nerves in birds. 
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3ri In Reptilia. 

Of this class I have only examined the tortoise. My remarks, 
therefore, will be confined to this animal 

The general structure of the cornea of the tortoise is between that 
of mammals and fish; the lamellas are thin and well marked, the cor- 
puscles small and few, but pretty regularly scattered through the 
whole thickness. The bundles are very broad, and have almost lost 
their individuality, blending with their neighbours by their margins; 
they are also arranged, as in birds, at right angles to those that occur 
immediately above and below them. 

I have never seen the corpuscles other than fusiform ; and they 
also are arranged principally in two directions, one at right angles to 
the other. 

The sensor nerves are very large and strong, with the cells well 
marked, and pretty numerous. (PL III. fig. 3.) The Greek tortoise 
has many more nerves than the box tortoise; but they are larger 
in the latter, especially the cells. In the latter also the deep trunks 
are large ; in the former a trunk is a rarity. 

The pigment-cells do not form a regular border to the cornea^ but 
occur as groups pushed in here and there; in the Greek tortoise these 
gix)ups are moss-like in appearance; in the box tortoise they are in 
the form of distinct fusiform cells crossing at right angles. The 
capillaries are few but very large, forming a network something like 
that in birds, but simpler; I have not been able to distinguish any 
investing lymphatic, but it by no means follows that they do not 
exist, as my specimens are unfavourable. 

Tissue nerves I have not seen in the reptilia. 

4th. In Batrachia. 

In the frog, the only animal of this class I have had an oppor- 
tunity of examining, the structure of the cornea is precisely similar 
to that of the tortoise, except that Descemet's membrane is nearly 
twice as thick, that is -01^-0 *li of »b inch. 

The conjunctival epithelium is very beautiful, the cells distinct, 
and the nucleus very evident. 

The corpuscles are rather larger than those of the tortoise, and 
very often look as if fusiform; but their real shape is stellate, as is 
very well seen in a cornea acted on with nitrate of silver during the 
Ufe of the animal 

The sensor nerves I can say little about, for they are very diffi- 
cult to bring out, and none of my preparations being really satis- 
factory, all that I know at present is that the trunks are very large, 
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the fibres fine and very loosely arranged in them, and that they 
anastomose as trunks of considerable size, forming a coarse network 
all over the cornea; at the points of division or union there are 
sometimes, I think, to be seen triangular cells connected with one of 
the fibres, but they are very difficult to make out: Ciaccio describes . 
them in this situation: the fibres sometimes appear to divide in the 
trunk with very small enlargements, they also leave the trunk as 
single fibres; but I have been unable to trace them far from the 
place of departure, and so know npthing of the terminal expansion. 

Pigment is very abundant yound the cornea, the cells being very 
irregular, with short thick processes. 

Capillaries are very sparingly supplied, and I have never seen 
them beyond the pigment, so that any lymphatic there may be is 
hidden, but the vessels of the sclerotic show the investing lymphatic 
tolerably well. 

Tissue nerves I have not seen in the cornea, but they are plen- 
tiful in the sclerotic. 

5th. In Fish. 

In this class my observations have been almost confined to the 
cod and conger eeL 

In fish the cometv (taken in a wide signification) is in appearance 
an entirely different structure to that of the previously described 
classes; there is no conjunctival epithelium; instead, the skin of the 
body passes over the eye, and is modified into a structure closely 
resembling cornea^ being made up of fibrous layers laid down at 
right angles to each other, with corpuscles between them. It is 
united to the cornea proper by a very soft, gelatinous, mucus-like 
connective tissue, which in the cod is very distinct, less so in the 
conger eel, and hardly to be seen at all in the trout. In the cod it 
is divisible into two layers, the inper of which is thinner, sofler, very 
full of oil, and not so firmly laminated as the outer. 

The true cornea is attached to the sclerotic, and is a modified 
form of it, as in mammals, &c. : in tho cod, in which the sclerotic is 
chiefly made up of a cartilaginous plate, the cornea takes a fibrous 
origin almost altogether from the edge of the plate, and the outer 
surface close to the edge. 

In structure the cornea i5 made up of layers, which can be torn 
off almost entire; they are blended with each other near the edge, 
and are fibrous, the fibres of one being at right angles to the fibres 
of the contiguous ones. 

In the vertical section of the cornea of the cod the fibres of 
those lamellae which are cut across show a fibrous structure. The 
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fibres apparently pass vertically, and along with them a great num- 
ber of strongly refracting granules of small size, some indeed yeiy 
small, are seen. (PI. vi. fig. 2.) Those layera which are cut in a 
longitudinal direction show some granules, but no vertical fibrillation. 
Between the layers of the cornea is a soft gelatinous tissue containing 
a few corpuscles, which swell out enormously under acetic acid. 

There is no proper Descemet's membrane, that is, no structure- 
less layer; but the innermost layer of the cornea is very fibrous lon- 
gitudinally, whatever direction it ia cut in, and I suppose is the 
analogue of that membrane. 

There is much less difference between the skin and the true 
cornea in the conger eel than in the cod; in fact they are very like 
each other, except that the cornea has thicker, and not such regular 
lamellae, and fewer and larger corpuscles. (PL vi. figs. 1 and 3.) 

Sensor nerves exist pretty abundantly in the skin of the eye in 
the cod and eel : in the eel they are very evident and are precisely 
similar to the nerves of the rat: in the cod nerve-trunks ramify all 
over the cornea, principally made up of dark-bordered fibres, while a 
few single fibres may also be seen, and I believe make a plexus simi- 
lar to that in the eel, superficial to the trunks; but the nerves in 
the cod are not easily prepared. 

Are there nerves in the true cornea? In the eel there are a 
good number of nerves ramifying round the edge of the cornea, so 
the probability is that they extend into it; but I have not been able 
to trace them in this fish, much less in the cod. Capillaries also 
occur round the cornea, but sparingly; they are more abimdant in 
the skin, but here do not go beyond the margin; they give indica- 
tions of investing lymphatics, and long straight fibres are often seen 
passing from them far into, or even across the cornea; perhaps these 
are connected with the lymphatics. 

Pigment-cells are very abundant round the skin, and are occa- 
sionally to be met with beneath it round the cornea; they are ex- 
ceedingly beautiful in the cod, being mossy stellate cells when the 
pigment is expanded; in the eel they are of a rather peculiar shape, 
being rings of pigment. 
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PLATE I. 

Fig. 1. Vertical section of the cornea of human foetus of the fourth month. 

Fig. 2. Vertical section of the cornea of human fuetus of the eighth month 
greatly swoUen by acetic acid. 

Fig. 3. Vertical section of adult human cornea. 

Fig. 4. Vertical section of cornea of guinea-pig, showing the track of nerves 
simulating the "fibrous cordage" of the ''anterior elastic lamina" of Bowman. 

Fig. 5. Vertical section of the cornea of horse, showing numerous fine short 
processes passing from the corpuscles into the neighbouring tissue: also the 
curious wrinkling of the bundles in this animal 

Fig. 6. 8ensor nerve plexus from the cornea of rat^ showing nenre-oells with 
nudeL 

PLATE II. 

Fig. 1. Sensor nerve plexus from cornea of rat, with a peculiar nerve-cell 
with a large oval hole in its centre^ showing its probable origin from five tridonic 
cells coalesce. 

Fig. 2. Vascular arch from the cornea of rat, shomng the shrunken capillary 
invested with its lymphatic sheath, pigment-ceUs, and tissue nerves (Dr Beale's 
capillary nerves). 

Fig. 3. Group of vessels undergoing atrophy, from the cornea of a rat in 
which a wound of the cornea had recently healed. Fusiform nuclei are seen 
edging the vessels and extending beyond their shrunken points; probably these 
belong to the lymphatics. 

Fig. 4 General structure of a vascular arch of the cornea, a. The induded 
capillary, b. The loose sheath fonned by the lymphatic, c. The nudd of this 
lymphatic 

Fig. 5. Portion of vascular network from the oomea of sheep, showing the 
capillaries surrounded by lymphatics ; these are seen to contam lymph oorpusdes. 
At a is seen a lymphatic without any included capillary, but with a great number 
of lymph corpuscles in it ; these are aggregated very much at b, indicating very 
probably the place of a valve. 

Fig. 6. Another capillary from the cornea of the sheep, showing its lymphatic 
sheath with corpuscles and a free lymphatic, a. At b this free lymphatic seems 
to have received a branch from the lymphatic investing the capillary, and proba- 
bly one also from the left from a neighbouring axch. 

PLATE IIL 

Fig. 1. Vertical section of the injected oomea of a kitten at the passage of 
the sderotic in the oomea, showing 

a. Section of the circular venous sinus of Schlemm. 

b. An efferent vem passing backwards from the sinus, cut obliquely. 

c. Iris. 



ON THE ANATOHT OF THE CX)RNEA OF VEBTEBRATES. 43 

Fig. 2. Plexus of tiasne nerres firom cornea of sheep. 

a. End of a tuft of very small capillaries with investing lymphatics. 

h, A nerve-tnmk, probably containing three or four fibres, passing to supply 
the sensor plexus of the cornea. This trunk was considerably deeper in the 
cornea than the fine nerves. 

Fig. 3. Group of nerve-cells from the cornea of box tortoise. 

PLATE IV. 

Fig. 1. Vertical section of cornea of golden eagle near the anterior surface. 

Fig. 2. Vertical section of cornea of linnet^ showing the manner in which the 
corpuscles are grouped in a layer near the anterior surface, leaving a clear space, 
Oy at the immediate surface. 

At 6 are seen nerves passing up to ramify in the superficial portion of the 
cornea. 

The middle portion of the cornea is seen to contain but few corpuscles. 

Fig. 3. Vascular network from the edge of the cornea of the pigeon, showing 
the 'investing lymphatic. At a is seen a loop, the top of which is out of focus, 
and so only the section of the capillary is to be seen. 

PLATE V. 

Fig. 1. A vessel teased out of the iris of a pigeon, showing the investing 
lymphatic. 

Figs. 2, 3, and 4. Peculiar bodies, probably nerve-cells, with a thick loose coat 
of areolar tissue^ found connected with the nerves in the conjunctiva on the 
sclerotic immediately surrounding the cornea ; from the human eye. 

Fig. 2 has a medullated fibre which does not as usual lose its sheath before 
reaching the cell. Fine fibres are seen passing in three directions. 

Fig. 3. A cell with no dark-bordered fibre, the trunk of fine fibres is seen 
loosely twisted, and one fibre separates itself immediately from the trunk, and at 
a begins to form its terminal plexus. 

Fig. 4. A cell with but two fibres, one medullated and losing its sheath before 
entering the cell, the other a fine fibre distinctiy twisted round the first 
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Fig. 1. The skin of the eye in the conger eel modified to resemble the 
cornea. Vertical section. 

Fig. 2. Vertical section of the true cornea of the cod, showing the layers of 
which it is composed, and large scattered nuclei lying between them. 

a. a. Layers cut throufi^ longitudinally with the fibres. 

b. b. Layers cut across the fibres, showing a vertical fibrillation and numerous 
granules. 

Fig. 3. Vertical section of the true cornea of conger eeL Compare with 
Fig.l. 



ON HUMAN MUSCULAR VARIATIONS AND THEIR RE- 
LATION TO COMPARATIVE ANATOMY, by John Wood, 
F.RC.S. Derrumstrator in Anatomy at Kings College, London; 
Assistant Surgeon to Kings College Hospital, 

The muscular system in man, and probably also in the lower ani- 
mals, is subject to irregularities producing almost every variety of 
anomaly. From Albinus downwards these anomalies have attracted 
the attention of anatomists more or less powerfully. In the earlier 
times, when, for want of human subjects for dissection, such animals 
as apes, dogs, &c. were, perhaps, more commonly the subjects of in- 
vestigation than they are now, the striking similitude of many of 
their muscles to the human variations occasionally found, has en- 
forced attention on the observer. Such was the case, for example, 
with the Stemalis brutorum of Sandifort and Sabatier (1790). In 
later years, the gradual separation of the human from the compara- 
tive anatomist, and the specialization of their respective studies, have 
led probably to a less distinct apprehension of the relation of the 
varieties in the human system to the normal muscles of lower orga- 
nizations. Numerous human abnormalities have indeed been re- 
corded by Sharpey, Quain, Hallett, Macwhinnie, and Struthers, in 
this country, and by Meckel, Haller, Theile, Qruber, Oantzer, Rosen* 
mliller and Isenflamm, by Luschka^ Kelch, Wagner, Fleischmann, 
Otto, Cruveilhier, Henle, and others, in Germany and France; hut 
these have usually been detached observations without special refer- 
ence to the coexistence of other anomalies, or to the presence of 
similar muscled in animals. In this respect Meckel only may be 
considered as an exception ; and even his extensive generalizations 
referred rather to the normal arrangement of the muscles in man, 
as compared to that of other creatures, than to the varieties met 
with in the human subject viewed in the same way. In this depart- 
ment of scientific anatomy I believe that I am not alone in thinking 
that much remains to be done by patient and detailed investigation ; 
and if the results at all correspond to a reasonable anticipation, much 
light will be thrown from this quarter upon the interesting and much 
discussed question of the position of man in the animal kingdom, 
and his relation to his inferior fellow-creatures. If, in addition to the 
general resemblance of the muscular mechanism, there be found in 
the former fragmentary records of special apparatus which have, in 
the latter, the fuller development of a definite purpose, then these 
may be taken as at least of equal importance with other evidence of 
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traces, — Bome may think, of a general unity of plan with varied 
teleological intentions; — and otherB,— of an ancient morphological 
relationship of a much closer character. But if, on the other hand, 
muscles are found which have no place in the various animal types, 
we may fairly take them aa indications, valuable bo far as they go, 
of progress still advancing towards a higher development uf the 
human frame — of an increase in the distance already great which 
separates physically man from animals. 

The present paper is a small contribution towards the attainment 
of a definite conception of the degree of relationship which exists be- 
tween man and animals in respect of a muscle not usually con- 
sidered as being very subject to variation, viz, th« coraco-hrachialia; — 
also of another, of the occasional existence of which I have found no 
record in the authors I have up to tliis time been able to consult. 
The last muscle I have called the Flexor carpi radialia brevia vel pro- 
fundus. 

Coraco-bntchiaiit. — In the human subject I have observed three 
varieties of arrangement in the fibres of this muscle, which I will 
give in the order of their frequency. 

First. The musole usually described as arising from the tip of 
the coracoid process, partly tendinous and 
partly muscular, in common with the ten- 
don of the short head of the liceps. Many 
of its muscular fibres also arise from the 
hinder surface of this tendon of the bicept 
half way down to its insertion. The in- 
sertion is into the middle of the inner 
surface of the humerus opposite to that 
of the ddtoid (fig. 1 a). This muscle is 
sometimes, but not, perhaps, so fre- 
quently has as been described, perforated 
by the musculo-cutaneous nerve. 

Second. Another slip is not uncom- 
monly found (6) more or less connected 
with the preceding at its origin. It is, 
however, more fieshy than the tatter, is 
phiced internal to it, and is generally con- 
nected by a lunated aponeurosis (d) with 
the insertion of the peetorcUia minor into 
the coracoid process. Passing down the 
arm, sometimes in front of the former 

so as to conceal it, but usually a little to the inner aide, this 
portion of the muscle becomes inserted into the upper part of 
the internal condyloid ridge of the humerus, partly connected 
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with the internal intermuscular septum, and partly with a distinct, 
white, shining ligamentous band with vertical parallel fibres (fig. 1 d), 
which reach down as far as the internal condyle itself, upon the 
upper part of which it is implanted. This band covers the ulnar 
nerve, and is distinct from and placed posterior to the true in- 
termuscular septum, which lies deep between the triceps and brachi- 
alts muscles. Its fibres are most distinct above, where they can be 
traced behind the insertion of the ccfraco-brachialia as high as the 
lesser tuberosity of the humerus, crossing the tendons of the latissimus 
dorsi and teres major muscles. Below the insertion of the coraca- 
brachioMs they approach gradually towards the true intermuscular 
septum, connected meanwhile by the aponeurosis of the arm, and 
finally become blended and implanted with it upon the internal con- 
dyle. The distinction between this longitudinal band of fibres and 
the true intermuscular septum seems to be recognized by Henle (Mus- 
JceUehre, s. 179), but was first especially insisted on by Struthers {A nor 
tomical and Physiological Observations, 1854), who traced it as high 
as the teres major, and proposed for it the name of the internal bror 
chial ligament 

The last described portion of the coraco-brachialis is extremely 
variable in size when present. It is sometimes a very small slip, not 
conspicuous as a separate element of the muscle, from the upper part 
or bulk of which it is separated by a cellular interval, through which 
the perforans Oasseri, or musculO'Cutaneous nerve, generally passes. 
In this condition it has been recognized by Theile (p. 215, Jourdaris 
translation of the CydopMie Anatomiqvs, 1843). This author men- 
tions also that the superficial portion is often found continuous with 
the fibres of the brachialis anticus. The same observation was made 
by Meckel (Handbuch, — MtiskeUehre, s. 498). When it is totally want- 
ing the musculo-cutaneous nerve passes generally quite superficial to 
the coraco'brachialis muscle. When, on the other hand, this portion 
of the muscle is largely developed, as seen in the subject from which 
fig. 1 was taken, it may pass entirely superficial to and 6«cross the 
brachial vessels and median nerve, the tendon forming an aponeurotic 
opening for them between the first and last-described portions of the 
muscle, as they cross from the inside to the front of the arm. This 
arrangement has also been described and figured by Qruber {Neue 
Anomal, a 28, Taf. I. fig. 1). 

In many of such examples is found a tubercular projection, or a 
distinct spur-like process of bone, placed about two inches above the 
condyle, and a little in fi-ont of the condyloid ridge, which has been 
especially described by Otto (De rartoribus seel, hum, c. anim, sceleto 
anaiogiis, p. 25, Taf. L figs. 10, 11), Knox (Edin. Med. and Surg. 
Journal, 1841, p. 126), and Struthers (op. cit. Edin. Monthly Journal, 
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Oct 1848, and Lancet, Jan. 24, 1863), as homologous with the supra- 
condyloid arch in Camivora and other anitaak. This process 
is described by the author last mentioned as either a rough line, a 
pointed tubercle, or a hook or spur, varying from t^^^ to ^tba of an 
inch in length. He had met with it in nine subjects, and had col- 
lected six more from Hedemann, Quain, and other sources. I have 
myself seen it more or less distinctly developed in three cases. A 
case is also related by Wilbrand, quoted in the British and Foreign 
Medical Beoiew, XIX. o71; and another by Barkow {Anat. Abhandl. 
s. 7, Taf. I. fig. 1), of the shape and size of the epitrochlear process, 
la all, the median nerve passed behind the process, and, in most, the 
brachial vessels also. In the subject from which the sketch (fig. 1) 
vas taken, the supra-condyloid process was present as a tubercular 
projection into which the tendon of the lower or superficial portion of 
a large bifid coraco-brackialia muscle({i} was inserted. In the same 
arm were seen four heads to the biceps muscle, one (e) from the upper 
fibres of the brachialia aniicue, and another {/) from those of the 
supinator hnffus, with an irregular distribution of the smaller arteries. 
An abnormal high origin of the proriator teres muscle is often present 
with the supra-condyloid process, as in the instances given by Tiede- 
maoQ and Gruber (pp. dt s. 8). 

Third. Much more rarely found as an abnormality in the 
human subject is another variation of the 
cctraco-brachialis muscle. In a paper read ™' 

before the Hoyal Society in 1864, I de- 
scribed and figured under the name of 
the coraco-oapmiaria a pretty strong bun- 
dle of muscular fibres arising from the 
under surface and outer border of the 
coracoid process near its root (fig. 2 a). 
Passing downward and slightly inwards 
across the tendon of the subscapularis 
muscle, the fibres dipped backwards be- 
low that tendon so as to become con- 
nected with the capsular ligament close 
to its insertion into the anatomical neck 
of the humerus, and was implanted upon 
the neck of the humerus close below the 
lesser tuberosity, between the auhscnpvlaris 
above, the long head of the triceps inter- 
nally, and the teres major and latissimxis (c) 
below. The latter lendons intervened be- 
tween this insertion of the abnormal 
muscle and that of the normal caraco-hrat^ialiai^), which was coex- 
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istent, of its usual size, and with its usual relation to the short 
head of the biceps. This abnormal corcuxy-brachiaiia I have now 
met with four times. In all the normal coraco-brcuihicUis was present, 
and occupied the relation above described. In all the abnormal 
muscle was clearly defined by a somewhat more open areolar interval 
between it and the normal muscle. 

A similar muscle has been observed in two subjects by Cruveilhier 
{AncU. Descript 4to. ed. 1862, p. 659) ; and by Macwhinnie {London 
Med. Gazette, Jan. 30, 1846). A slip of muscle showing a tendency 
to the complete formation of a short coraco-brachicdia is also men- 
tioned by Henle under the head of variations of the subscaptdaris 
{op, cit s. 172), as a flat slip, of a finger's breadth, attached to an 
abnormal tubercle of the humerus, placed below the lesser tuberosity, 
and connected with the ligamentous slip of fascia from the internal 
brachial ligament before described as bridging over the tendon of 
the laMssimvs dorsi. The muscular slip passed outwards and ter- 
minated tendinous upon the joint capsule and insertion of the sub- 
scapularis muscle, with which its fibres were partly blended. A like 
slip was observed by Theile {op. cit. p. 208); by Otto {Neue 
sdtene Beobacktungen. s. 40. 1824) ; and by Qruber {MiiUer*8 Archiv, 
1848. s. 425) ; but in the cases described by the two last-named 
authors a bimdle of fibres connected with the root of the corax>oid 
process was blended with the lower slip, resembling, as Henle 
remarks, a coraco-brachiaMs. By two of the three observers just 
mentioned the abnormal slip was, curiously enough, considered as. a 
deep portion of the deltoid. 

I find among my own sketches a slip of muscle precisely similar 
to that described by these authors, drawn from the left side of a 
muscular male subject. It is connected below very closely with the 
tendon of the latissimua dorsi and teres major and with the fascia on 
the inside of the arm. 

Under the head of anomalies of the coraco-brachiaiis, Theile 
remarks only, apparently after Meckel {op. cit MvskeUekre, s. 498) , 
that it is sometimes divided into two muscles entirely distinct^ as in 
the monkeys. 

Professor Bolleston has informed me that he has also met 
with a muscle answering to the abnormal coraco-bra^^hiaiis here 
treated of. 

The effect upon the humerus of the three portions of the cora4X>- 
brachialia muscle above described will vary somewhat. The median 
portion as usually found in the human subject, and which one 
may call, in reference to human anatomy, "the coraco-bra^ihialia 
propriu8 vel mediris,'' acts as an adductor and elevator of the 
upper arm, raising it inwards and forwards towards the breast and 
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foce. Still more extensively, by virtue of its longer leverage, will 
the second or long portion, which may be called " the coraca-brcuMcLlis 
langua" act upon the ann in the same direction. At the same 
time it will render tense the brachial fascia. The third, smallest 
or superior, portion will act chiefly by virtue of its backward direc- 
tion as an external rotator of the humerus on its long axis during 
elevation of the arm, in the same direction as that of the supinators 
in the forearm, assisting the infra spinatus and teres minor. This 
action becomes more marked and important in the lower animals, 
in whom this form of the muscle is common, as observed by Mivart 
and Murie in observations on the anatomy of Nycticelma tardigradtis, 
(Proceedings of Zoohg, 8oc. London^ Feb. 28, 1865.) 

It may, therefore, justify the distinguishing name of "rotaior 
hwmeri" or *' coraco-hrcLchialie superior vel brevis" which I have 
applied to this muscle. By virtue of its attachment to the lower 
part of the capsular ligament, the muscle will also draw it forward, 
and prevent its being rucked up into folds and pinched in extreme 
adduction, participating in this office with the lower fibres of the 
subscapiUaris and the outer fibres of the scapular head of the 
triceps. 

The homologies of the coraco-brachiaMs in its triple form as 
just described are not difficult to find in the lower extremity. View- 
ing the coracoid as the representative either of the ischium or of 
the pubis, and the upper extremity as rotated backward in the 
manner propounded by Dr Humphry of Cambridge (The Human 
SkeleUm, p. 599 and Plate), then the resemblance of the contco^ 
hrachialis to the triceps adductor femoris is very striking. The 
short or upper part would correspond to the adductor brevisy the 
median portion to the adductor hngus, and the long inferior portion 
to the adductor magnus. The resemblance of the first is increased 
by its backward position and its rotating influence; and that of the 
third by the analogous formation of a supror-condyloid opening (either 
tendinous or partly osseous), like the adductor opening in the thigh; 
for the passage of the main artery of the limb at it« entrance into 
the space or hollow opposite the middle joint; and by the prolonga- 
tion onwards to the condyle of a tendinous aponeurosis like that of 
the adductor magnus. 

Comparative Anatomy. — ^I have examined the arrangement of 
this muscle in the bonnet monkey, the hedgehog, the cat, dog, guinea- 
pig, squirrel, rabbit, agouti, the three-toed sloth, armadillo, the kan- 
garoo rat, the Echidna hystrix, and the Omithorhynchus paradomLS. 

In the bonnet monkey (fig. 3) the short and median varieties of the 
coraco-brachialis are both well marked, arising from the tendon which 
constitutes the coracoid head of the biceps (c). The short portion (a) 
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reaches by a few of its fleshy fibres the tower bui£m» of the tip of 
the large and depressed coracoid (d), and is insetted, ezacUy as in the 
human variety, into the neck of the humerus above Uie tendons of 
the teres major and laiissimua (« and /). The second or median 
portion (6) is inserted into the inner surface of hnmenis between the 
^ricepB and hrachialis atiUcua, and is almost covered by the hicffps (c) 
and dmto-^trochleair (g) muscles. Such is its apparent dependence 
upon the biceps tendon for its origin, that it seems at first si^t like 
a brachial insertion of that muscla 

Id the oUier Quadrvmana this double insertion of the oortico- 
braeMaiis almost universally exists. It was found by Duvemoy in 
the goriUa, by VroUk in the cMmpamee, and by Church in the orang. 
Its bifurcation in moahmfa is mentioned by Cuvier (Leforu ^Anat, 
Comp. ToL I. p. 39S), and by Kuhl in Ateles beUt^mth (Beitrage z. 
Beackrtihmg mthrer Mimmalien, s. 16); by Burdach in the Simiada 
(Berichte von der ffiJn. Anat AnstaU zu Eonigaberg. s. 25), by Bup- 
meister in Taraiua (s. 49, T. iij. fig. 2. 14 and 146), by Mivart in 
Cereopithecua tabteus (Proc Zoohg. Soo. Jan. 10, 1866), and by 
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Meckel (TraiV g^nfral d^Anat Camp. Vol. vi. p. 281) in the lemurs. 
This author states that in the loris the upper or smaller one only is 
present^ but that in the Lemuroidce generally the lower or long portion 
is so large as to reach to the inner condyle of the humerus. This 
would correspond to the third form of the muscle before described. 
He also states that in the m^agot, the marm^zet, the TnandrUl, caUi- 
thrix, and cUeles, the upper portion is separated from the lower by 
the tendons of the latissimvs dorsi and teres major, and that the 
musculo-cutaneous nerve passes between them (pp. cit p. 282). In 
Nycticebus tardigradus, and in one of the lemurs also, Mivart and 
Murie found a double coraco-brachialis inserted as in the animals 
just mentioned. (Proceed. Zoolog. Soc. Feb. 28, 1865.) 

In the hedgehog 1 have found the coraco-brdckiaiis single/ and 
inserted into the middle of the humerus, arising by a single pointed 
tendon from the small coracoid. Meckel, however, states that it is 
double in this animal (p. 280), and that its lower insertion is tendi- 
nous and prolonged downwards. In the three-toed sloth (Bradypus 
tridactylus) it is slender and single, and inserted below the teres and 
laiissimus into the middle of the humerus, having no connection 
with the biceps. In the armadiUo it is also single, and is implanted 
upon the supra-condyloid arch or foramen just above the inner con- 
dyle, thus presenting the long variety of the muscle. In the Rumir 
na/nts it is also single, and inserted, according to Meckel, as low down 
as the internal condyle. In the hoTse, camel, and roebuck, however, 
he states that it is divided into two parts, a superficial, longer and 
larger one inserted very low down, and a smaller and deeper muscle. 
On referring to Dr A. G. Leiserung^s valuable Atlas der Anatomie des 
Pferdes vmd der ubrigen Hausthiere, I find that he figures there in 
the horse a complete and single coraco-brachialis with a low inser- 
tion; and also another small slip of muscle close upon the shoulder- 
joint capsule, arising from the scapula below the coracoid, and 
inserted into the neck of the humerus. This he calls the *'8pam,ner 
des Kapselrbandes, oder kleiner SchuUer-annbein MuskeV* (Taf. 5, 
fig. 1). Whether this represents the real corcxo^achiaUs brevis, or 
a slip of muscle sometimes found in the human subject detached from 
the lower fibres of the suhscapularis, I am not prepared at present to 
decide. In the Hyrax capensis, according to Mivart and Murie, it 
reaches to the middle of the humerus. (Proc Zool Soc. April 11, 
1865.) 

In the dog and cat I have found the short variety the only repre- 
sentative of the coracoAmjuMalis. It arises singly from a diminutive 
coracoid dose to the attachment of the pectoralis minor (6), by a 
pointed tendon (fig. 4 a), which, terminating in a flask-shaped muscle, 
is inserted fleshy into the neck of the humerus above the latissimus 
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and teres nuucZes (c). In these, as in most of the lower mammalia, 
the fiexor of the radius (d) has but one head from above the glenoid 
caritj, and cannot therefore be called a biceps moscle. Meckel states 
that the coracthhrachialis is single and very short in the ichneumoTt, 
ratel, coaH, and badger; hut that in the marten and hears it is double, 
the upper portion being inserted very high, and the lower reaching 
down as far as the epicondyle (op. dt. p. 281). This author also 
states that in the oUer and seal he found no coraco-hrachialis what- 
ever. This is so singular an omission at this point of the animal scale, 
that it may be set down as requiring further confirmation, especially as 
it exists in the Cetaoetms as a short muscle inserted close to the 
sii^le brachial tuberosity. Professor Huxley found it present, though 
small, in the porpoise (Lect. at Roy. CoU. of Surgeons). In the Bais 
and Moles the short variety only represCDts the coraco-hradivdis. In 
the Rodmts a great variety of insertion is exhibited by this muscle. 
In the guinea-pig {cavia apermi) and rahbU I have found it single, 
and inserted just below the laiissimus and teres, and therefore belong- 
ing to the first or median variety. Meckel states that in the luire 
and capybara he has found it very short; double in the marmot, 
beaver, and htanster, one part inserted very high, and the other into 
the lower half of the humerus; and very long and strong, though 
single, in the porcupine and squirrel, extending, I have found, in the 
latter animal, as &r down as the lower end of the humerus. This 
absence of uniformity in the coraco-brachiaUs does not coincide with 
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the presence or absence of the clavicle, or of the supra-condyloid 
foramen in these animals, but it does seem to refer to their habits, 
being double or longer and stronger in those which employ their fore 
paws for prehension. 

In the kangaroo the cora/iO'hrachialis is said by Meckel to be 
entirely wanting. This is the more striking, since it is present as 
a short variety, very small, and inserted above the teres and Uitissimus 
in the kangaroo rat, a closely related Marsupiai ; and in the next 
order of Monotremata we find it in its highest development. In the 
Echidna hyatrix it possesses a larger proportionate bulk than in any 
I have yet seen. From the large coracoid bone arises a mass of 
muscle which at first sight might be taken for a part of the triceps. 
On further examination, however, it is found that a considerable 
portion of its superficial layer forms the only origin of the flexor 
radii (biceps), while the rest is inserted into the whole length of the 
inner side of the humerus from the tendons of the latissimue and 
teres down to the enormously prominent condyle. Under the lower 
part of its insertion is seen the small supra-condyloid foramen, as if 
bored through the substance of the humerus, and transmitting the 
brachial vessels and median nerve. Above this, the upper can be easily 
separated firom the lower fibres in an areolar interval. The deepest 
portion of the muscular mass springing from the coracoid is separated * 
from the rest by a distinct fascial interval, and forms a somewhat 
oval, wide, short muscle, which is implanted into the lower part of 
the transversely prominent inner or ulnar tuberosity of the humerus. 
My own dissections in this respect corroborate the observations of 
Mr H. Q. Mivart, " On the Anatomy of the Echidna " {Trans. Linn, 
Soc. VoL XXV.). 

In the Ornithorhynchus paradoxus (fig. 5) the lower or long portion 
of the coraco^achialis (6) is much smaller than in the echidna, the 
upper part of its fibres appearing to be given off to form the cora- 
coid head of a double-headed flexor radii, or true biceps (c). The 
rest of the fibres are implanted below the brachial vessels and nerves 
upon the supra-condyloid arch or foramen, close above the epitrochlea 
(e), and represent the second part of the muscle as before described. 
The first or middle part is here wanting or incorporated with the 
biceps muscle. In both the echidna and ornithorhynchus the short 
muscle, or rotator humeri, called by Meckel {De Omithorhyncho) the 
coraco-hrachialis superior, is a very distinct and bulky muscle, of 
a somewhat fan-shape, springing from the broad coracoid {d), deeper 
than the biceps and longer portion, and implanted by a broad inser- 
tion into the lower border of the widely expanded inner or ulnar 
tuberosity of the humerus, above the insertions of the latissimus 
dorsi and teres major (gr). 



MK WOOD, 



The outer or long head of the biceps arises fleshy from a tuber- 
cular projection placed above the capsule of the scapulo-humeral 
joint {%), which is placed between and behind it and the coracoid 
muscles. In the figure the pectorale (p) and the outer insertion of 
the latiasimus (1} are cut and turned back. The action of the rotator 
hvmeri in these animals upon the humerus is very evident, its power 
of adduction being, however, limited from the close propinquity of 
the tuberosity of the humerus to the coracoid. The swimming and 
burrowing habits of these animals evidently call for much rotatory 
play of the arm-bones, the provision for which is found in the lower 
s^ment of the limb by the enormous size of the stipinator brevts, 
especially in the echidna, in which animal it reaches along the whole 
length of the radius. 

That the kind of coraco-brachialis muscle with which an animal 
is provided is not determined by its order, is seen clearly in the 
Rodenta, since in them we have the short variety only in the hare and 
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capyhara, the long variety only in the squirrel and porcupine, the 
median variety only in the guinea-pig,, and two combined in the 
marmot, beaver, and hamster. Again, in the Cdmivora we have the 
short variety only, as in the dog, cat, ichneumon, coaH, and backer; 
and two varieties combined, as in the Tnartens and bears. 

It is somewhat remarkable also that in the Bodentia we have 
a like want of resemblance in the presence or absence of a clavicle, 
or an imperfect clavicle; of a supra-condyloid foramen, and of an 
inter-condyloid foramen, the two latter seeming to bear something of 
an opposing character, one being usually absent, while the other is 
present. The rotator hvmeri is found both in the claviculate Quad" 
rwmana, Insectivora, Rodervtia, and Monotremata, and in the non- 
claviculate Rodents and Camivora; while the long coraco-bnxchialis 
seems to be present in animals without as well as with a supra- 
condyloid foramen, and the double form almost equally indiscrimi- 
nately found. 

This very variable arrangement seems to point upon the whole 
much more directly to a "teleological" than to a "morphological" 
reason for existence, and to refer much rather to the wants and 
habits of the animal than to its pedigree or relationship. Those 
which use the fore-limbs for distinct prehension, digging, swimming, 
or climbing, have, as a rule, a larger and more highly developed 
coraco-brachial muscular apparatus. 

Flexor carpi radialis brevis vel profwndus. — In six out of about 
seventy subjects in the dissecting I have found an abnormal muscle 
on the flexor side of the fore-arm, connected with the carpus near 
the insertion of the flexor carpi radialis. 

In that which I have considered as the best developed specimen, 
the supernumerary muscle arose from the outer side of the front 
surface of the radius above the pronator quadratus, and a little to 
the outside of and below the flexor longvs poUicis, The fleshy belly 
of the muscle resembled in shape, and was nearly as large as that 
of the flexor hngus pollids, tapering much in the same penniform 
way. (See fig. 6 a). It terminated just above the carpus in a dis- 
tinct rounded tendon, which, lying under the annular ligament upon 
the deep process which secludes the groove of the flex, carpi radialis 
and between it and the tendon of the flex, pollids, finally spread out, 
and becoming flattened, was inserted into the base of the middle 
metacarpal bone (c) and os magnum, where it was connected with 
a slip of the tendon of the flrCX. carpi radialis, and gave origin to 
some of the fibres of the flex, brevis pollids. 

In two of the cases the muscle terminated in a somewhat smaller 
but equally distinct tendon, which passed with that of the flexor 
carpi radialis through the sheath in the annular ligament, was lodged 
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in the trapezoid groove, and became implanted on tHe inside of, but 
quite distinct from, the last-named tendon, into the ulnar side of the 
base of the second metacarpal bone. Even in this shape the muscle 
could not be considered as a division of the tendon, and still less of 
the muscular fibres of the flexor carpi radicUis, inasmuch as its origin 
was so totally distinct, referring rather to the flexor poUicia longus in 
this particular. 

In another instance the muscle arose by a lunated aponeurosis as 
high as the oblique line of the radius, beneath the fibres of the radial 
origin of the flexor mblimis digitorum. The muscular belly was 
fusiform, beginning by a thick tendon from the lunated aponeurosis, 
and tapering downward rapidly into a thick flattened tendon, which 
was inserted into that deep process of the annular ligament which 
encloses the groove for the flexor carpi radiaiis, and is attached to 
the trapezoid, magnum, and middle metacarpal. 

In another subject the fusiform muscle, having a similar origin, 
and lying at first on the outer side of the flexor hngvs poUicis, crossed 
in front of its tendon obliquely opposite the carpus, and became 
implanted into the deep surface of the annular ligament itself, 
sending numerous fibres into the deep surface of the middle portion 
of the palmar fascia. In the last form the abnormal muscle first 
presented itself to me, and I was led to consider it in the light of an 
abnormal palmaris, in consequence of its attachments to the deep 
surface of the palmar fascia. A. properly formed palmaris longus 
was, however, coexistent in this case. Under the head palmaris 
Theile describes an abnormality in every respect like the last-men- 
tioned, and lying, like it, under the flexor sublimis with the median 
nerve. In his case, however, the pahnaris longiis was absent (op, cit 
p. 237). I had before met with a double palmaris longus of which 
the abnormal head was derived from the oblique line of the radius, 
but in origin and position quite superficial to the radial origin of the 
sublimis. RosenmvUer and Herde {op. cit) have met with a variety 
somewhat similar; but in both cases the normal origin of the 
palmaris was entirely absent, and its place supplied by a tendon 
from the radial origin of the svblimis. 

The subsequent discovery of other forms of this abnormal muscle 
forming a gradual serial transition to the complete form first 
described, and resulting in a distinct flexor attached to the bajse of 
the third metacarpal bone; together with the deep origin beneath the 
flexor sublimis of all these varieties, and the invariable presence of a 
normal palmaris longus, have induced me to form the conclusion 
that all these varieties belong to one type, which, in its complete 
development, is a proper flexor of ike third metacarpal bone. The 
name of Flexor carpi radialis brevis seu profundus has appeared to 
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me most completely to include all the above-meutioned varieties : — 
viz. both those attached to the third metacarpal and magnum; those 
inserted into the second metacarpal and trapezium; and those inserted 
into the trapezium annular ligament and palmar fascia;— all arising 
from the radius, either below its middle, or from the oblique line 
below and beneath the radial origin of the jUxor tvblvnm. In a 
muscular male arm which I dissected last session, now in the Museum 
of the Royal College of Surgeons, and from which the accompanying 
sketch (6g. 6) was taken, the special function 
of a proper flexor of the third metacarpal bone 
is clearly indicated by a distinct and separate 
insertion into the base of that bone. In the 
sketch the fieayyr carpi radialis (b) is drawn 
aside, shewing under it the fiexor carpi radialia 
hrevis (a), or special flexor of the middle meta- 
carpal bone (seen at c), and arising from the 
radius beneath the radial origin of the Jlexcr 
aublimia {«) outside the fiexor lojigus poUicis 
(cut at d), and above the pronator quadratus 
(^f). A few of the deep fibres of the flexor 
brevit poUicia are seen arisiug from the inser- 
tions of both the radial flexors. In the same 
arm was found a shp, given off from the tendon 
of the flexor carpi ulnaria to the base of the 
fourth metacarpal (g), as well as the usual slip 
to that of the fifth and annular ligament, 
beyond the pisiform bone. We have here then 
the remarkable development of a special flexor 
for each of the metacarpal bones (including the 
opponens poUicis). These are the more inter- 
esting in being associated in the same arm with 
a apedai extensor of the middle finger, and a 
doable extenaor minimi digiH with one of the 
tendons passing to the ring finger, thus form- 
ing a complete set of special extensors in addi- 
tion to the common extensor tendons. In the 
leg of the same subject was a peroneua quinti, i,e. a tendinous shp fi^im 
the peroneua brevia to the little toe, and an aiductor of the fifth 
metataraal bone, both ape-like peculiarities. 

A special flexor of the middle metacarpal bone, corresponding in 
all essential particulars with that just described, has been found also 
by Mr Norton, in a subject dissected at St Mary's Hospital during 
tbe past year. 

Albinus records a case in which the tendon of tbe fiexor carpi 
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radiaUs gave off a slip to the trapezium, and to the Hase of the third 
and fourth metacarpal bones, and Fleischmann, a case in which that 
muscle reached only to the annular ligament and the scaphoid and 
trapezium ; quoted by Henle {MusheUehre, s. 191). 

But I have not been able to find any mention of a distinct 
muscle like that under consideration in any anatomical author, 
English, French or German, that I have been able to consult. I have 
been equally unsuccessful in finding a similar muscle described by 
writers on the muscular anatomy of the lower animals. Nor have I 
found any muscle resembling it in any of the animals in which I have 
looked for it, except in the Momtremaifiy at a distance in the animal 
scale firom which it is so far to fetch an homology of this kind, that I 
have hesitation in laying stress upon it In the fore-limb of both 
the Echidna hystrix and the Ormth(n'hyncht^ paradoama, from which 
latter fig. 5 was taken after dissection, I have found a second or 
deep head of the flexor carpi radialis (n), which seems to correspond 
to some eictent with this abnormal human muscle. This deep head 
occupies entirely the position in front of the radius and interosseous 
ligament which is usually filled by the fleofor longus poUicis, the latter 
muscle being in these animals entirely merged in the common flsx&r 
of the digits (r), which sends off from its palmar ossicle the tendon to 
tJie poUex (q). The deep head of the flsxor carpi radialis is 
connected at its lower part by an intermuscular septum to the usual 
superficial portion of the muscle (m), and joins its tendon just above 
the carpal end of the radius* From thence it stretches upward, dose 
to the radius and interosseous ligament (with which it is connected by 
aponeurotic fibres), and passing under the pronator radii teres (p), is 
placed in front of the elbow-joint, and connected with the lower end 
of the humerus, between it and the suprarcondyloid foramen, through 
which may be seen in the sketch the median nerve and brachial vessels 
emerging upon the upper part of the muscle under consideration* 
The brachialis anticus (h) is placed externally, and is inserted in 
these animals entirely into the radius* The combined tendon of the 
superficial and deep portions of the double-headed flexor carpi 
radialis is inserted ultimately by an aponeurotic expansion into the 
bases of the metacarpals of the poUex (t), index, and middle digit, and 
into the trapezium. A supernumerary ossicle, however, intervenes 
between the tendon and its aponeurotic insertion over the site of the 
scaphoid-lunar bone. In the omithorhynchus this ossicle is fairly 
imbedded in the tendon ; but in the echidna the latter can be easily 
dissected from it^ revealing the presence of a distinct bursal sac 
between it and the trapezium. In the omiihorhynchus aJso more of 
the deeper fibres are implanted upon the trapezium itself than in the 
echidna. 
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In the former animal the pnmoAor quadratus {Jc) is much more 
developed than in the latter. One of the radial extensors (v) is con- 
nected at its insertion into the carpal bones with the expansion of the 
tendon of the flexor going to the pollex^ The last-mentioned muscle 
is described by Meckel {De Omitfiorhyncho) as a supinator longus. I 
think, however, that its want of attachment to the radius, its want 
of supinating power, its deep position, and its relation to the fellow 
muscle {x) of the same name, indicate its identity as one of the radial 
extensors of the carpus. The other radial extensor (x) is six or eight 
times larger, and its tendon is inserted into the bases of the second, 
third, and fourth metacarpals, so that it represents by its insertion (as 
is commonly foimd in the lower animals) both the radial extensors of 
the human subject. If this be so, in what light must we look upon 
the smaller muscle described by Meckel as a supinator longus 7 I am 
inclined to look upon it as the representative of a muscle which I 
have found occasionally in the human subject, and which I have 
described and figured in the paper before mentioned, in the Pro- 
ceedings of the Royal Society of the present year, as the extensor 
carpi radiaUs accessoritis. This muscle arises, with the ordinary 
radial extensors, from the external condyloid ridge, and is inserted 
into the base of the metacarpal of the poUex with the extensor ossis 
metacarpi pollicis. In the omithorhynchus the tendon of the small 
deep muscle (v), though apparently lost on the dorsal surface of the 
scapho-hmar bone, is yet connected with a fascial expansion, which is 
carried onward to the base of the first metacarpal beneath the 
tendon of the ext, ossis meta^carpi pollicis (u). In the echidna the 
corresponding muscle is considered by Mivart (op. cit,) to represent 
the extensor carpi radialis longior, and the much larger, and more 
superficial one, the brevior. In that animal, however, the tendon of 
the former (as in the omithorhynchus) reaches no further than the 
scapho-lunar bone, while that of the brevior is inserted into the 
second, third, and fourth metacarpals. The deeper position and 
lower origin from the condyloid ridge of the humerus of the muscle 
in question, would seem opposed equally to this way of viewing it as 
to that of Meckel 



ON TWO WIDELY CONTRASTED FORMS OF THE HUMAN 
CRANroM, by Thomas H. Huxley, F.RS. 



The two most thoroughly contrasted human skulls, taking them al- 
together, which have hitherto fallen under my notice, are those 
various aspects and sections of which, reduced to one-third of the size 
of nature, are represented in the accompanying woodcuts. 

The one of these skulls, which I shall call A, belongs to the 
Museum of the Royal College of Surgeons of England, and is thus 
described in the ' Osteological Catalogue:' 

" 5484. The cranium of a native of Tartary. 

" It is remarkable for its breadth and shortness, slightly convex 
superior surface, and broad, high, and vertical occipital surface. The 
forehead is broad but low. The nasal bones are large and promi- 
nent; the malars are not prominent. The anterior alveoli of the 
upper jaw slope forwards. — HunterianJ' 

For the opportunity of examining and making the requisite sec- 
tion of the other skull, B, I am indebted to J. B. Sedgwick, Esq., 
into whose possession it came, many years ago, as a ' New Zealand' 
skulL 

Among a good many New Zealand skulls which I have examined, 
however, none resemble this; while it presents so many Australian 
characters, that I am disposed to think it must have been obtained 
either in Australia, or in one of the Negrito islanda For it is a cir- 
cumstance worthy of much attention, that the crania of the more or 
less woolly-haired Negrito inhabitants of Tasmania^ New Caledonia^ 
the Feejees, the New Hebrides, &c. present strongly AustraUan fea- 
tures, and are frequently altogether indistinguishable, by their exter- 
nal charactei-s, from those of the leiotrichous Australians. 

However, the precise origin of these skulls is not a matter of any 
moment in relation to my present purpose, which is simply to indi- 
cate the nature, the extent, and the relations of the more important 
anatomical di£ferences between the two skulls; and, incidentally, to 
illustrate the mode of comparing skulls which seems to me best cal- 
culated to render their real differences apparent. 
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Fig. 1. TheBkoUi. Norvui lateralU. 




Fig. 3. The aknll B. Nonmt lateriUU. 
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Fig. 3. Thesknll J. ^oma/ociolM. Fig. Sn. ThepaUteoI OieBknll J. 



Fig.4. TheiknUJ. Norma faeiaUt. Fig. 4a. The palate of the iknllJ. 
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Fig.G. TlwikiillJ. Noma ttertiealii. Fig. 6. llealnUJI. Noma vertUatu. 




Sie-t. ThtikaaA. NomaoceipitalU. Vig. 6. The ikoD J. Abma ocripitaU*. 
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The skull A is the broadest undistorted cranium which has come 
under my notice, its index being '977. It is, therefore, eminently 
brachistocephalic\ When held out, at arm's length, so as to present 
the norma verHcalis to the eye (fig. 5), its bulging sides completely 
hide the zygomatic arches. It is, therefore, in Mr Busk's nomencla- 
ture, cryptozygous. 

The squama occipitis has a well marked convexity, separated in 
the middle line by a depression (fig. 1) from the parietal region. A 
slighter depression occurs on the middle of the coronal suture ; but, 
neither in this region, nor elsewhere, can I discover any indications 
of artificial distortion, unless a certain amount of asymmetry of the 
occiput (fig. 6), produced by the flattening of the right side (probably 
from nursing) can be regarded as such. The coronal suture is open, 
throughout its whole extent^ on both the inner and the outer faces of 
the skull; as are the lambdoidal, occipito-mastoid, alisphenoidal, 
squamosal, nasal, and fronto-nasal sutures. But the sagittal suture 
is so absolutely obliterated, that not a trace of it is discernible on 
either the outer, or the inner, surfaces of the skull (figs. 5 and 7). 

The squamosal and the frontal are separated on both sides, partly 
by the parietal and partly by an intercalary bone, which is small on 
the right side, larger on the left, and lies between the parietal and 
the alisphenoid (fig. 1). 

The auditory foramina are roimder than usual; the mastoid pro- 
cesses are well developed and prominent; the upper edge of the 
zygoma is nearly straight. The face is orthognathous, on the whole, 
though there is a certain amount of alveolar prognathism. 

Turning to the base of the skull, the obliquity of the axes of the 
glenoid cavities is very remarkable. If these axes were prolonged 
inwards, they would cut one another as far back as the junction of 
the middle and anterior thirds of the occipital foramen. The axis of 
this foramen is directed downwards and forwards. 

Traces of the maxiUo-premaxillary suture are visible upon each 
side of the naso-palatine foramen. The palato-maxillary suture is 
unclosed, and convex forwards in the middle line (fig. 3a). 



' Cepbalio index at or aboTe *80 = Bb/lohtcephaxj, xonnd sknlls. 

'S6=Braehistoeephali, . 

below *85 and 'SO=Euryeephalu 

... -SO =DOLIOHOOBFKiJLI. 

... '80 '77 =Sub-hrac7nf cephalic 

... 'T? '7^^0rthoeephaU [ oval flkallB. 

... '74 'll^^Mecocephali ) 

... *71 =MecUtoeephaU, oblong nkaJlB, 

See "Notes npon the Human Bexnains from KeisB," in Mr Laing^B PrehUtorie 
Jtemaint of Caitkneaa, p. 85. 
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The frontal sinuses are extensive, and are separated by an im- 
perforate septum, which lies a little to the right of the middle lina 
The body of the sphenoid and the roots of its lesser and greater 
abe are occupied by the sphenoidal air-cells, the right cell extending 
back, beneath the sella turcica;, to the posterior limit of the body of* 
the basi-sphenoid. 

The right second bicuspid and first true molar are the only teeth 
which remain, and their crowns are ground down to flat surfaces by 
wear. From this and other circumstances there can be no doubt 
that the possessor of this skull had attained middle age. 



While A is the widest, B is the narrowest normal skull I have 
met with, its index being only '629. It is, therefore, an extremely 
marked example of medstocephcdy. It is, fiirther, phomozygous, the 
norma verticalia exhibiting a space between the zygomatic arches 
and the sides of the brain-case (fig. 6). 

The sagittal, coronal, lambdoidal, occipito-mastoid, alisphenoidal, 
squamosal, nasal, and fronto-nasal sutures, are open throughout their 
whole extent 

The frontal and the squamosal bones remain separate on both 
sides. On the left side, there is a considerable intercalary bone be- 
tween the alisphenoid, parietal, frontal, and squamosal (fig. 2). 

The auditory foramina are vertically elongated, perhaps more so 
than is usual: and they are, both absolutely and relatively, narrower 
than those of A, The mastoid processes are well developed and 
prominent. The upper edge of the zygoma is slightly convex up- 
wards. 

The fiwje is obviously prognathous. 

On the base of the cranium the axes of the glenoid cavities, 
if prolonged inwards, would cut one another about half an inch in 
front of the anterior edge of the occipital foramen, so that they are 
nearly transverse to the long axis of the skull The axis of the oc- 
cipital foramen is directed downwards and forwards. Faint indica- 
tions of the maxillo-premaxillary suture are discernible upon both 
sides. The maxillo-palatine suture persists, and is arched forwards in 
the middle line (fig. 4a). The frontal sinuses are divided by a septum, 
which is inclined to the left side above. They are not quite so large as 
in A, but they are much larger than is usual in true Australian skulls. 

The large sphenoidal air-cells are divided in the middle line by 
a septum. They do not extend back further than the middle of the 
pituitary fossa. The last molar is cut and in use; but the other 
teeth are only slightly worn. The skull may have belonged to a per- 
son of between twenty-five and thirty years of age. 

VOL. I. 5 
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In the noTTTia lateralis (figs. 1 and 2), beside the points already- 
mentioned, the great difference in the longitudinal contours of the 
two skulls is obvioiJfi. Further, the temporal ridge, sharply marked 
in 5, is almost obsolete in A. The supra-auditory ridge, on the 
•Other hand, is more distinct in A than in B, The occipital spine is 
not very strong in either skull; and in both, the contour of the 
sqwvma occipitis projects beyond it when the skull is horizontal. 
This projection is greater in B. In the norma occipUaiis (figs. 7 
and 8) there is a wonderful contrast between the spheroidal dome of 
A and the sharply ridged, waU^sided, pentagon of B; an opposition 
quite as marked in its way as that between the normcB verticales 
(figs. 5 and 6) of the two crania. The denticulations of the sutures 
are, for the most part, more simple in B than in A^ 
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Fig. 9. Diagram exhibiting longitudinal and vertical sections of the skalls ul, £, re- 
duced to one-half the size of nature and superimposed. The thick contour lines 
and letters belong to S, the thin ones and the dotted lines to A» 



Each of the skulls A and B has been longitudinally and Yertically 
bisected, and the outlines of each section having been accurately 
marked upon sheets of tracing paper, the one outline has been su- 
perimposed upon the other, in such a manner, that the hasxerimvA 
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axes^ correspond in direction, while their anterior ends, situated at 
the point of junction of the presphenoid and ethmoid, coincide. 

The resulting figure, reduced to one-half the size of nature, is 
given in fig. 9. In this figure a, 6 represents the basicranial axis; 
6c, he lines drawn from the occipital end of the basicranial axis to 
the opposite boundary of the occipital foramen. The angle a, 6, c, 
therefore, indicates the inclination of the plane of the occipital fora- 
men to the basicranial axis, and will be small, or great, in proportion 
to the extent to which the occipital foramen looks forwards and down- 
wards. It is analogous to, though not identical with, Daubenton's 
angle, ad, ac2 are Unes drawn from the ethmoidal end of the basi- 
cranial axis to the anterior edge of the premaxilla, where it bounds 
the nasal aperture. The angle 6, a, d may be termed the premaxiUary 
a/ngle, 

at, OA mark lines drawn from the ethmoidal end of the basicranial 
axis to the middle of the posterior margins of the palatine plates of 
the palatine bones. The angle 6, a, e may be termed the post-^palatine 
angle. 

The line ag is drawn from the anterior end of the basicranial 
axis, through the upper ends of the ethmo-frontal sutures, /, /; af, 
af consequently indicate the lengths of the respective cribriform 
plates; while ag defines the general planes of those plates; which 
happen, in the present case, to coincide. 

6, a,g is the basi^moidal angle, which diminishes in proportion 
as the line ag rotates downwards upon a; or, in other words, in pro- 
portion to the departure of the human skull from the condition of 
that of the lower Mammalia. 

fky fk are perpendiculars to the line ag erected upon the point/! 
The distance between these lines and the inner contour of the frontal 
bones is a measure of the atderionr cerebral overlap; or, of the extent to 
which the frontal lobes of the brain project beyond the extremities of 
the olfactory nerves, ah, ah; at, ai, are lines drawn from the anterior 
end of the basicranial axis to the middle of the coronal and lamb- 
doidal sutures Or, L. 

IC,IC are lines drawn from I, I, the points at which the inner end 
of the posterior superior margin of the petrosal cuts the basicranial 
axis, to the torcular Herophili, Each may be taken to represent the 
tentorial plane, though, of course, the centre of the tentorium would 
rise considerably above it. Cv \b b^ perpendicular erected upon the 
hinder end of this line and marking the projection of the cerebral 

^ By hatieranial axU, I mean, a line drawn throngh the njiddle vertical plane of 
the haaioccipitalf basisphenaid and presphenoid, from the hinder extremity of the former 
bone to the anterior extremity of the last, at the upper end of the ethmo-presphenoid 
flotnre. 

5—2 
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hemispheres heyond the cerebellum, or the posterior cerebral overlap, 
AB ia Sk line representing the extreme length of the entire cranium; 
y, its centre; a?, the point cut by a perpendicvilar from the centre 
of the occipital foramen. Au the internal auditory foramen, L the 
lambdoidal, Or the coronal suture. 

The various measurements of the two skulls, to which I shall have 
to advert, may be conveniently classified under three heads; Istly, 
those which are identical; 2ndly, those which differ by not more than 
five per cent. ; Srdly, those which differ more than five per cent. 

They are given in tw^^s ^^ ^ inch, not from any desire to affect 
an accuracy to which cranial measurements can lay no claim, but for 
the sake of more ready comparison. It must be understood that very 
few cranial measurements will come out exactly alike twice over; so 
that the numbers given must, in most cases, be regarded simply as a 
mean; the variations from which will not affect the general result. 

I. Identical measurements {in tsu ths of an inch). 

A. B. 

1. The basicranial axis ... ... 235 235 

2. The vertical height of the face from the fronto-nasal 

suture to the alveolar margin 260 260 

8. The vertical height of the orbital aperture 135 135 

4. Anterior interlachrymal diameter, from the point of 

junction of the frontal, lachrymal and maxillary, 

on the one side, to that on the other 76 75 

.6. From the margin of the orbit to the alveolar margin 

between m^ and m* 175 175 

6. The greatest breadth of the palate taken between the 

inner edges of the alveoli 140 140 

7. The greatest length of the palatine plate of the 

palate-bone ... 75 75 



XL Measwrements which do not differ more ihan 5%. 

DiffeienceB in favour of £ are marked ^nth a *. 

A. B, Diff. 

8. The longitudinal arc of the frontal 512 537 *2b 

9. The longitudinal arc of the occipital 430 426 4 

10. The greatest transverse diameter of the occipital 

bone from one occipito-mastoid suture to the 

oxner ••• ••• ... ••• •». ••■ 4^0 4iS^ 2sx 

11. The length of the occipital foramen 145 140 5 

12. The distance of the suborbital foramina ... 230 220 10 
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A. B. Difl. 

13. The length of the zygoma from the anterior 
edge of the auditory foramen to the anterior 
end of the maxillo-jugal suture ... ...310 323 *13 

IIL Measurements which differ more than 5^. 

14?. Extreme length 670 755 *85 

15. Extreme breadth 655^ 475* 180 

16. Height 480 530 *50 

17. Longitudinal arc of the parietals 450 550 *100 

18. Transverse arc from one auditory foramen to 

the other 1350 1175 176 

19. Width of the frontals immediately behind the 

external orbital process (least frontal mea- 
surement) 405 340 65 

20. Width of the frontals on the temporal ridge 

just above the external orbital process ... 417 375 42 

21. The greatest frontal width, where the tempo- 

ral ridge cuts the coronal suture 555 395 160 

22. Length of the cribriform plate 95 107 *12 

23. Posterior interlachrjnnal diameter, between the 

junctions of tbe ethmoid, lachrymal and 

frontal 105 90 16 

24. Between the posterior ends of the ethmo- 

maxillary sutures ... ... 170 166 16 

25. Between the outer edges of the optic foramina 

in the interior of the skull 126 85 41 

26. Between the outer edges of the optic foramina 

in the orbits 155 115 40 

27. Between the outer sides and posterior edges of 

the bases of the external pterygoid processes 205 176 29 

28. Between the points of the alispheno-squamosal 

sutures, which are cut by the transverse 

ridge on the alisphenoid 360 820 40 

29. Between the outer edges of the foramina ovalia 240 193 47 

30. Between the posterior ends of the alispheno- 

squamosal sutures and outer sides of spinous 

processes 305 245 60 

31. Between the outer edges of the glenoidal fossse 533 455 78 

32. Between the most distant points of the outer 

surfaces of the mastoid processes ... 536 452 84 

1 Between the upper edges of the sqnamoBalB, over the aaditory foramina. 
* Between the parietal tuberosities. 
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A. B. Diff. 

33. Transverse arc of the occipital, from the junc- 

tion of the lambdoidal suture and its addita* 
mentum on one side, horizontally over the 
occiput to the other side 500 636 *136 

34. Between the centres of the styloid foramina... 360 290 70 

35. Least breadth of the basicranial axis (between 

the apices of the partes petrosce) ... ... 100 75 25 

36. Between the inner edges of the precondyloid 

foramina 

37. Between the most distant points of the outer 

edges of the occipital condyles 

38. Transverse diameter of the occipital foramen . 

39. Between the internal auditory meatuses 

40. Length of the posterior superior edges of the 

ossa pe uTosa ••• ••• ... •*• 

41. Extreme transverse distance of the outer sur- 

faces of the zygomata 555 485 70 

42. From the lower end of the basicranial axis to 

the anterior alveolar margin of the pre- 

maxilla 332 420 *88 

43. From the lower end of the basicranial axis to 

the posterior end of the spine of the palate 137 165 *28 

44. Extreme distance of the outer surfaces of the 

maxillse 220 242 *22 

45. Width of the external nasal aperture ... 92 105 *13 

46. Greatest perpendicular height of the nasal 

passage, from the cribriform plate to the 

upper surface of the palate 177 160 17 

47. Extreme distance of the outer walls of the 

posterior nares 

48. Height of the arch of the posterior nares 

49. From the posterior end of the spine of the 

palate to the anterior tnaigin of the pre- 

inax iiicB ••» ... ... ... ••• 

50. Length of a line drawn from the anterior edge 

of the premaxilla along the posterior edge 
of the occipital foramen, and cut by a per- 
pendicular tangent to the occiput, Ay J3, 

Uif ■ t7. «•• ••• ••• .•• ««■ 

51. Length of so much of this line as lies in front 

of a point cut by a perpendicular to the 
centre of the occipital foramen {Ay x) ... 

52. Length of the line behind this point {x, B) ... 
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53. Projection of the inner contour of the frontal 

beyond the level of a perpendicular to the 
anterior end of the cribriform plate (= an- 
terior cerebral overlap) 20 55 *35 

54. Projection of the inner contour of the occipital ' 

beyond the torcular Herophili (= posterior 

cerebral overlap) 30 85 *55 

55. The capacity of the cranium and volume of 

the brain, as determined by the volume of 
a cast of the interior of the skull, in cubic 
inches 

56. Extreme length of the cast 

57. Extreme breadth 

58. Breadth : length = 100 

1. The first point to be noted in comparing the skulls A and B, 
the most important measurements of which have now been given, is 
the equality of length of their hasicranial axes, which proves that 
brachycephaly and dolichocephaly are not necessarily connected with 
the shortening or the lengthening of the base of the skull ; but that 
their most extreme forms may arise exclusively from modification of the 
side walls and roof of the cranium. In the present case, the differ- 
ence in the absolute lengths of the two skulls amounts to about llS 
of the length of the longer (B), It is due, in part, to the remarkable 
shortness of the parietal region in A, the longitudinal arc of the 
parietals being about 18} (No. 17)> and its chord 20!}, longer in B 
than in A, In part, the superior length of B arises from the forward 
extension of the frontal region, which will be more particularly 
discussed below. The elongation of the occipital region does not 
seem to be greater than that which would necessarily accompany the 
leDgthening of the parietals. 

The difierence in breadth between A and B (No. 15) amounts to 
27^ of the broader. It is greater absolutely and relatively than the 
sum of the excess of height and length of B over A, 

2. YirchoVs '' sattel-winkel" is substantially the same in the 
two sktdls, though the one is vastly more prognathous than the other. 
Hence it follows that there is no necessary connexion between the 
"sattel-winkel" and prognathism or orthognathism. 

3. It wiU be observed, that only one pair of the transverse 
measurements, which differ less than 5^, appertain to the brain-case. 
These are No. 10, the greatest transverse diameters of the occipital 
bone. In all the other transverse measurements of the brain-case 
(with the exception of No. 33, the transverse arc of the occipital, 
which is in reality as much a longitudinal as a transverse dimension) 
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^ exceeds B, ' Hence it appears that, in such a thorough example of 
brachycephaly as this, the excess of transverse growth is general, and 
affects all parts of the brain-case. But the excess is not equal in all 
regions of the skulL 

Thus in No. 35 the excess of Aib about 25f 

39 36* 

36 16f 

34 19* 

32 15* 

81 14* 

30 20* 

29 19* 

28 11* 

27 14* 

25 33* 

21 29* 

19 16* 

15 27* 

The measurements which exhibit the smallest difference (No. 28), 
represent roughly the distances of the apices of the temporal lobes 
of the brain. The greatest differences are shewn by the base of 
the brain in the region of the pons and anterior part of the medulla 
(No. 39); by the exits of the optic nerves (No. 25); by the region 
corresponding with the outer sides of the frontal lobes (No. 21) ; by the 
region corresponding with the outer sides of the parietal lobes, or the 
posterior and upper parts of the temporal lobes (No. 15); and by the 
width of the basicranial axiB itself 

It will be veiy interesting to ascertain, from similar measure- 
ments of other skulls, to what extent the rule observed in these, that 
in skulls with equal basicranial axes^ doUchocephcdi are absolutely 
narrower than brachycephali in their transverse diameters, holds good. 
Even in the present cases there is the remarkable exception with 
regard to the transverse diameters of the occipital (No. 10), which has 
already been noted ; and it is, of course, quite conceivable that the 
diameters of the base of the cranium should vary irrespectively of 
those of its side walls. But a skull which should derive its excess 
in breadth from a development of its side walls alone, exhibiting 
what might be called latercd brachycephaly, would obviously have a 

^ In comparing sknlls the lengths of the respective basicranial axes must be care- 
fully taken into account. Had the basicranial axes of A and B been unequal I should 
have given all the measurements of each skull in terms of its own basicranial axis; but, 
as they are equal, I have not thought it worth while to take the trouble of making the 
requisite calculations. 
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different significance from one which, like A, is, basaUy^ as well as 
lateraUi/, brachycephalic. And similar considerations apply to doU- 
diacephaly. 

4. By ' vertical height' in the foregoing table of measurements, 
I mean the distance from the posterior and inferior end of the basi- 
cranial axis to the point of intersection of the coronal and sagittal 
sutures. These are convenient fixed points, and although a line 
joining them is by no means constantly perpendicular to a longitu- 
dinal axis of the skull, or inclined at any invariable angle to the 
basicranial axis, yet, practically, it hardly ever differs more than 
a tenth of an inch from a more strictly vertical measurement. 

The vertical height of B exceeds that of A by about lOg- ; but 
while A is within O'l inch as low as any skull I have met with, B is 
not more than half way towards the maximum of height which I have 
observed, and which is about an inch greater than that of B. 

The following table of a few measurements of sections of crania 
seems to shew that the height of skulls as thus estimated, varies with- 
out much reference to their other measurements. 

Length of the Oephalio 

baeieranial axis. Height. index. 

1. Scutari (Turk? 5563 a) 245 676* '88 

2. Japanese 290 570 -76 

8. Redondo (Negro) 276 670* 72 

4. Australian (5317) 250 665 -68 

6. Tasmanian (5324) 225 650 '76 

6. EngUsh (5733) 250 650 • -74 

7. Japanese 272 550* 75 

8. Australian (5307) 250 645 •'69 

9. The skull jB 235 530 '629 

10. Australian 230 530 

11. Chinese (5474) 235 535* 75 

12. Malay (6463A) 240 510* 88 

13. Japanese 240 490* 76 

14. AustraUan (5331) ? 490 71 

15. Mondombe (Negro) 230 480 74 

16. The skulls 235 480 -977 

%* The * indicates that the height of the parietal region exceeds 
.that given by about O'l inch. The remarkable length of the 
basicranial axis in Nos. 2, 3, and 7 must be taken into ac- 
count. The numbers refer to the Catalogue of the Museum of 
the Royal College of Surgeons. 

5. Ceitain important differences between the skulls A and B, 
which would not be brought out by the ordinary methods of measure- 
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ment and comparison, become very obvious in the sectional diagram 
(Fig. 9). Thus, the spaces behind the lines Cv, Cv, and in front 
of /, k, /, k are very much greater in B than in A, shewing that 
the cerebral hemispheres overlapped the cerebellum behind and the 
cerebrum in front, for a much greater distance in B than in A. The 
distance between the anterior contour of the cranial cavity and the 
anterior end of the basicranial axis in B is further increased by the 
greater length of the cribriform plate a, f. Hence, if we call the 
space comprised between the lines a, h, a, /, and the anterior inner 
contour of the frontal bone, the Jrontai area of the longitudinal 
section, this Jrontai area is absolutely greater and projects further 
forwards in B than in A, The difference between the two skulls 
thus produced is further exaggerated by a sort of rotation of the 
whole cranial chamber upon its axis, forwards in B and backwards in 
A. Thus the whole forehead, with the coronal suture, is thrown 
backwards in A, and the occipital plane, partaking in the same 
movement, forms a more open angle with the basicranial axis than 
that of B. The tentorial plane has shifted in the same sense to a 
less degree. The line b, i, in A, on the other hand, is a little in 
advance of the corresponding line in B, probably in consequence 
of the remarkable brevity of the parietal bones. 

The skulls A and B present as complete a contrast as any I have 
seen in regard to this remarkable rotation of the skull upon its basal 
axis. But it must not be supposed that the backward rotation 
is connected with brachycephaly, or the forward rotation with doli- 
chocephaly. "I have sections of two dolichocephalic Australian skulls 
which differ as widely as A and B in the anterior region of the skull. 
I have other sections of brachycephalic skulls, in which the frontal 
contour lies far in advance of that of A, though I have not yet met 
with a brachycephalic skull having so great a forward rotation of the 
frontal region as B. 

As a rule, the coronal suture is situated forward with forward 
rotation of the skull ; backward, in the contrary case. But neither 
the lambdoidal suture, nor the posterior edge of the occipital foramen, 
necessarily follows it. In a negro skull, with nearly the same extent 
of backward rotation of the frontal region as in A, the line b c 
makes an angle of only 135^ with a b, or 26^ less than in the 
case of A. 

The influence of the backward and forward rotation of the frontal 
region of the skull upon orthognathism and prognathism, as they are 
ordinarily estimated, is obvious. The so-called facial anglet in fact, 
does not simply express the development of the jaws in relation 
to the face, but is the product of two factors, a facial and a cranial, 
which vary independently. The face remaining the same, progna- 
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thism may be indefiiiitely increased, or diminished, by the rotation of 
the frontal region of the skull, backwards or forwards, upon the 
anterior end of the basicranial axis. 

If B had the frontal contour of A, it would be an extremely 
marked example of orthognathism, or rather of what Welcker has 
called "opisthognathism;" whUe, if A had the frontal contour of B, it 
would appear to be marvellously prognathous. And yet in neither 
case would there be any change in the jaws, but only so much modi- 
fication in the position of the. cranial cavity relatively to its axis, as 
can be shewn to occur among skulls belonging to the same stock. 

6. The real differences in the disposition of the facial bones 
relatively to the basicranial axis, or, in other words, the amount of 
true prognathism or orthogruithism, cannot, in fact, be safely esti- 
mated by any of the accepted "facial angles." The sectional 
diagram shews that B is truly much more prognathous than A, the 
differences between the two being of three kinds. 

(a) The vertical height of the nasal cavity is somewhat less in 
B than in A. 

(6) The length of the palate is greater in B than in A. 

(c) Lines drawn from the anterior end of the basicranial axis to 
the posterior and anterior margins of the floor of the nasal cavities 
(a e, a d) form more open angles (premcLxillary and postpaUUins 
angles) with a, b in B, than they do in A. In other words, the centre 
of the palate has, so to speak, moved forwards in B. 

Increase in the absolute length of the palate and shifting forward 
of the centre of the palate, are competent, singly or together, to pro- 
duce true prognathism, other conditions remaining unaltered. But 
shortening of the vertical height of the nasal chamber alone is 
consistent with the preservation of complete orthognathism. As a 
general rule, however, the three conditions are concomitant, as in ^ 
and B; the more prognathous skull having a lower nasal chamber 
as well as a longer palate, and a shifting forward of the centre of the 
palate. 

Practically, I should say that the angle h, a, d fairly represents 
the degree of true prognathism ; and I think it will be found conve- 
nient to consider skulls in which that angle is less than 95^ as 
orthognathous, and those in which it is greater as prognathous. 
The most prognathous skull I' have met with had the angle b, a, d 
= ll(f ; in the most orthognathous it was only 83*. I doubt if the 
angle ranges much beyond 30^. 

7. The vertical measurements of the face (Nos. 2, 3, 5, 46, 48) 
either agree, or differ but little, the excess being in favour of A 
(Nos. 46, 48). Among the longitudinal measurements, those of the 
palatine plates of the palatine bones agree (No. 7), shewing that the 
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difference in the lengths of the palates is wholly due to the pre- 
maxilte and maxilte. Again, the lengths of the zygomata differ 
only to an inconsiderable extent^ whence it follows that the excess 
of longitudinal growth is in the alveolar, rather than in the orbital 
parts of the maxillaB. No. 42 shews that the margin of the pre- 
maxilla is '88 inch more distant from the lower end of the basi- 
cranial axis in B than in A ; but No. 43 proves that 0*28 of this 
amount is due, not to the excessive growth of the maxilla and pre- 
maxilla, but to the shifting forward of the palate as a whole. 

8. Taking the length of a line A, B, drawn from the anterior 
alveolar margin of the premaxilla along the posterior edge of the 
occipital foramen and cut by a perpendicular tangent to the pos- 
terior face of the occiput, to represent the basal length of the whole 
skull (No. 50), it is much longer (1*5 inch) in B than in A. Neverthe- 
less, the extra length of £ is so distributed that the centre of the 
occipital foramen {x) is in exactly the same place in the two skulls, 
viz. at three-fifths of the length of the line A, B firom its anterior end. 

9. Although A is cryptozygous and B phaenozygous, the inter- 
zygomatic width of the face is greater in A than in £ by about 12|- 
(No. 41). But the maxillary diameter (No. 44), on the contrary, is 
about 9^ greater in B than in A, This arises, however, chiefly from 
the less development of the alveoli themselves in A, seeing that 
the breadth of the palate inside the alveoli (No. 7) is the same in 
the two. The distances of the suborbital foramina (No. 12) are nearly 
the same in the two skulls, and those of the upper ends of the 
ascending processes of the maxillary are identical. Hence the 
greater width of the face in -4 is not due to any excess in the size 
of the bodies of the maxillary or premaxillary bones, but to the 
increased transverse diameter of the frontals (Nos. 19, 20), which 
push the jugal bones outwards. This is accompanied by a certain 
increase in the diameter of the ethmoid (Nos. 23, 24), of the distance 
between the optic foramina (No. 26), and of the width of the posterior 
nares (No. 47). 

10. In describing the general characters of the two skulls I have 
mentioned the interesting fact that the chief sutures of -B, the very 
long skull, are completely open ; but that the sagittal suture of A, 
the very short and broad skull, is thoroughly obliterated, while the 
other great sutures named are still open. 

It is therefore clear that extreme brachycephaly is consistent 
with comparatively early synostosis of the parietal bones; or, in 
other words, that synostosis of those bones may take place compara- 
tively early and yet have no discernible effect upon the form of 
the skulL 

This is, in fact, perfectly obvious from the nature of .the case. 
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For the final proportions of the brain-case of the human skull are 
attained in early manhood, while the sagittal suture ordinarily re- 
mains open till late in life ; and it can make no manner of difference 
to the shape of the brain-case whether the sagittal suture becomes 
obliterated at thirty, or at fifty, years of age, if the brain-case as- 
sumes its final proportions at twenty-five. 

When the skull of a man of middle age, of unknown stock, with 
obliterated sagittal suture, is placed before an anatomist, he possesses 
absolutely no^ evidence respecting the period at which the oblitera- 
tion took place; and, consequently, he has no means of judging 
whether the synostosis has, or has not, had any share in producing the 
form of the skulL If the cephalic index of the skull be greater than 
*70, he has not the least right to suppose that the synostosis has had 
any effect, inasmuch as there is abundant evidence to prove that 
crania with lower cephalic indices exhibit no such synostosis. 

The Neanderthal skull belongs to a man of middle age, is of 
unknown stock, and has a cephalic index of '72. There is conse- 
quently not a shadow of justification for the assumption that any 
obliteration of the sagittal suture which it presents has had more 
effect in narrowing its proportions, than the obliteration of the sagit- 
tal suture in A has had upon the configuration of that exceedingly 
broad 6kull\ 



^ With the permission of the Mosemn Committee of the Boyal College of Snigeons, 
and of Mr Sedgwick, oasts of the skulls A and B and of their canities, representing the 
corresponding brains, have been made and are to be obtained of Mr Gregory, Bussell- 
Street, CoTent-Garden. 



ON A REMARKABLE MODE OF GESTATION IN AN UN- 
DESCRIBED SPECIES OF ARIUS (A, Boakeii), By Wm. 
TuRNEK, M.B. (Lond.) F.R.S.E., Senior Demonstrator of Ana- 
tomy, University of Edinburgh^, 

The various plans resorted to by fish of depositing their ova, and pro- 
tecting them during the period of incubation, have not unfrequently 
attracted the attention of naturalists. One of the most curious and 
interesting observations made on this subject was brought before the 
Boston Society of Natural History, about nine years ago, by Dr Jef- 
Mes Wyman. He states' that when walking through the market of 
Paramaribo, in Dutch Guyana, he found the mouths of several species 
of Silurpid fish belonging to the genus Bagrus, or to one closely allied, 
distended with ova, sometimes between twenty and thirty in number. 
The eggs were in various stages of development, some recently de- 
posited, others with the embryo very considerably advanced. The 
eggs were always in the mouths of males, and were not bruised, and 
none were found in the stomach. In the fifth volume of his Cata- 
logue of Fishes in the British Museum', Dr Gilnther relates that, 
whilst examining some specimens of Arius fissus from Cayenne, pre- 
sented to the Museum by Professor Owen, he was surprised to find 
their mouths and gill-chambers distended with about twenty eggs 
rather larger than an ordinary pea. The eggs were perfectly unin- 
jured, and the embryoes in a forward state of development. These 
specimens were also males. Again, Professor Agassiz, writing from 
the river Amazon, September 22, 1865 ^ states that he has observed 
a species of Geophagus, 0. pedroinus, a fish belonging to the &mily 
Chromidae, in which the mouth and a pocket-like pouch, formed by 
the superior pharyngians, contained a number of ova. How the eggs 
get into the mouth he is quite ignorant; but there they remain until 
the young are in a fit state to take care of themselves. In all the 
above cases the fish are denizens of the South American continent; 
and, except the species described by Agassiz, belong to the Siluroid 
family. 

The observations to which I shall now direct attention prove that 
this remarkable egg-carrying habit is not confined to certain species 
of fish dwelling in the new world, but is shared by some of the fish 
of the old world also. In the month of April of the present year I 
received for examination, from the eminent botanist, the late Dr 
Greville, some specimens of Siluroid fish, which had been sent him 

^ Bead before the British ABsooiation for the Advanoement of Science, August 28, 
1S66. 

' ProceedingB of BoBton Society of Natural History ^ Sept. 15, 1867, and American 
Journal of Science^ Vol. lxxvi. 1859. 

> London, 1864. 

^ Quarterly Journal of Science^ p. 802. April, 1866. 
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by the Rev. Barcrofb Boake^ of Ceylon. The specimens were accom- 
panied by a copy of the literary supplement to the Ceylon Examiner, 
to which Mr Boake had communicated "An account (dated April 
20, 1865,) of some peculiarities in the habits of certain species of 
fish that are found in the waters of Ceylon." The most interesting 
portion of this narrative consists of an account of the habit of a fish 
caught at Caltura in that island. When held up by the tail it emits 
from the mouth a quantity of eggs, which, when many fish are cap- 
tured, are fried, and used for food by the natives. The fishermen 
suppose that the regular mode of bringing forth the young is through 
the mouth; but Mr Boake satisfied himself that the fish produce 
their eggs in the ordinary way; and that, after being deposited, they 
are immediately taken into the mouth, either by the fish that has 
laid them, or by another of the same species, where they are kept 
until they are hatched. 

The specimens given to me were two males and one female. The 
female had no ova in her mouth; but frt)m the appearance of the 
abdomen it was evident that the ovaries were distended; and on 
opening into the cavity I found a large sac-like ovary on each side 
of the middle line. Each ovary measured 2^ inches in length, and 
extended forwards almost as far as the pectoral fin, where it formed 
a rounded free end, whilst posteriorly it was somewhat constricted, 
and opened by an orifice common to it and its fellow immediately 
behind the anus. The ovisac contained a veiy large number of eggs 
in various stages of growth ; some were like minute granules, others, 
and these were very numerous, like medium-sized shot, whilst a 
third set equalled in size grapes or small cherries and very materially 
exceeded therefore the size usually attained by the eggs of osseous 
fish. These last, only six in number in each ovary, had evidently 
almost reached the full period of intra-ovarian growth. Each ovum 
was attached to the inner wall of the ovisac by an independent 
pedicle, the atrophy of which would necessarily precede the discharge 
of the egg. 

The mouth and branchial chamber of one of the male fish were 
distended with ten ova as large as those found in the ovarium, which 
were so closely packed together that water, or minute particles of 
food, could only pass backwards to the gills or oesophagus by filtering 
through the narrow interspaces between the eggs. In each ovum 
the development of the embryo had advanced so far that the eyes, 
chorda dorsalis, and cerebro-spinal nervous axis, could without diffi- 
culty be distinguished, and from the ventral surface of the embryo 
numerous vessels were seen ramifying over the surface of the yelk. 
The embryoes measured from ^ to T^ths of an inch in length. Only 
one of the ten eggs had sustained any injury, its investing membrane 
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being ruptured, so that a portion of its contents had escaped. It is 
interesting to note that the palatine teeth of the fish are granular, 
so that their form ia well adapted for permitting the retention of the 
ova in the mouth with a minimum of injury. 

Mr Boake's observations show that the eggs are not placed in 
the mouths of the fish by the natives for purposes of deception, but 
that the instinct of the animal prompts it to take them into that 
cavity; and it is, as these specimens show, by the male, and not 
by the female, that this act is performed. In this respect this Cin- 
galese fish agrees with those already described by Drs Wyman and 
Glinther. Opinions may diflfer as to the reason of this remarkable 
habit It may be supposed that the male uses the eggs for food, or 
that he takes them into his mouth for temporary protection, dis- 
charging them again when the danger no longer exists, or that their 
presence in that cavity is connected with the process of incubation. 
The last of these suppositions seems to me most probable, for the 
habit of distending the mouth with eggs appears to be so common 
in this species of fish, that it is a matter of ordinary observation 
amongst the natives; the eggs are not torn or bruised as they would 
have been if subjected to the process of mastication, the stomach 
does not contain any fragments, and in each ovum is situated an 
embryo in a more or less advanced stage of development. Again, 
naturalists are acquainted with other fish which play a part in the 
incubation of their ova; the male pipe-fish, the male hippocampus, 
and the Aspredo Icevis, described by Wyman, possess special arrange- 
ments for receiving and carrying about the eggs until they are 
hatched. A close relation apparently exists between the nimiber of 
eggs which come to maturity at a given time, and the number which 
the male can carry in his mouth. In the female I examined twelve 
eggs are evidently reaching their full growth, whilst the male has ten 
in his mouth; and from another specimen examined by Mr Boake, 
as many ^ thirteen were shaken out This is a smaller number 
than was observed by Drs Wyman and Qtinther in their Siluroids, 
but the eggs are in this species of much larger size. As the dis- 
tended condition of the mouth would necessarily materially interfere 
with the reception of food by the maje fish, it may be a question if 
he does not eject them during feeding, or perhaps during the time 
he plays the part of a dry nurse the quantity of food he takes may 
be almost niL 

The following are some anatomical and zoological details. 

Stomach pendulous in abdomen and empty. Duodenum curved 
from left to right, then passed backwards and succeeded by the con- 
volutions of the small intestine, behind which the gut again became 
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straight OD its course to the anal orifiqe. liver consisted of two al- 
most symmetrically placed lateral lobes united by a median isthmus 
lying below the oesophagus. Qall-bladder to the right in the interval 
between the liver and duodenal curve, its duct arched to the left 
side, almost parallel to the duodenum, into which it opened, just 
above the pyloric end of the stomach. Spleen of a triangular form, 
not connected with the stomach, but situated on the left of the con- 
voluted small intestine. Kidneys placed at posterior part of abdomen 
in close relation to swimming bladder, each terminated anteriorly 
in a pointed end, whilst posteriorly they blended together behind 
the swimming bladder, and formed together a crescent-shaped mass ; 
at the point of junction a tongue-like process passed backwards, and 
out of this two opaque white ureters proceeded, which joined almost 
immediately and formed a single and much wider canal which opened 
posteriorly behind the oviduct. Testicles a pair of elongated glands, 
somewhat more than an inch long, separated by a peritoneal fold 
anteriorly, but lying side by side in their posterior halves, and ex- 
tending backwards between the rectum and ureter to their termi- 
nation. The swimming bladder was a capacious sac, which occu- 
pied a large extent of the dorsal part of the abdomen. It was 
imperfectly subdivided into alveoli by an antero-posterior and 
several transverse septa, the former terminated in front in a ores* 
oentic margin, so that the lateral halves freely communicated ante- 
riorly* From the middle line of the ventral surface of the swimming 
bladder a short duct proceeded, which passed to thQ dorsal wall of 
the oesophagus. In the interval between the anterior end of the 
swimming bladder and the branchise was a soft greyish gland-like 
mass, which possessed a transverse diameter of nearly one inch. It 
was enclosed in a delicate capsule, and subdivided into a number of 
granular lobules. Examined microscopically these lobules were found 
to consist mainly of colourless corpuscles, like those entering so 
largely into the structure of the thymus, from which circumstance, 
whether we apply to it the descriptive name of thymus or not, it 
ought to be referred to the group of glands of which the thymus 
and suprarenal capsules are such well-known representativea 

The fish belongs to the genus Arivs, but as it differs in some of 
its characters from the species already recorded, an opinion in which 
I am supported by the high authority of Dr GUnther, to whom I 
showed the specimens in the month of June, I purpose describing it 
as a new species, and to connect with it the name of the gentleman 
by whom it has been sent to this country \ 

^ Dr Giinther writes me that since I showed him my specimens he has examined a 
eoOeotion of fish from Ceylon recently sent to the British Museum, and finds that not 
only does it contain A. Boakeii, bat another species of egg-bearing Ariut. 

VOL. I. 6 
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Arim Boakeii. D. 1/7, A. 19, P. 1/10. 

Body, vrithoiit caudal, fin, five times longer than high, and between 
three and four times longer than the head. Breadth of head some- 
what more than its height, its greatest breadth nearly -^rds its length. 
Upper surface of head finely granulated, and divided into two lateral 
halves by a smooth, narrow, lanceolate groove, which extends quite 
as far back as the base of the occipital process. Occipital process 
triangular, lateral margins straight, longer than broad, and with a 
fine keel along the middla Each half of the intermaxillary band of 
teeth rather more than twice as broad as long. No vomerine teeth. 
Palatine teeth granular, arranged in two distinct patches of a tri- 
angular form with rounded angles : posterior margin or base of the 
patch concave, outer margin convex, inner almost parallel to its 
fellow posteriorly, but diverges from it anteriorly. Maxillaiy barbels 
pass beyond the base of the pectoral spine. Dorsal spine strong and 
serrated on both margins, about equals the height of the body, 
though the fin is prolonged much higher through a slender filament- 
ous process just behind the spine. Adipose fin short with black 
patches. Caudal fin deeply forked: lateral line bifurcating at root 
of caudal fiiL Pectoral spine not so long as the head: it equals in 
length the dorsal spine, and extends slightly beyond a vertical line 
drawn firora the last ray of the dorsal fin. External mandibular 
barbel passes as far back as the gill-cleft. Sides of body silvery. 
Male carries developing ova in mouth. 

Length of male without caudal fin 6*4 inches. 

female 7'5 

Habitat, Ceylon* 



ON A VARIATION IN THE ORIGIN OF THE LONG BUG- 
CAL NERVE AS ELUCIDATING ITS PHYSIOLOGY, by 
Wm. Turner, M.B. (LonA), r.RS.K 

Anatomists and physiologists by do means agree in the statements 
which they make respecting the function of the long buccal branch 
of the inferior maxillary division of the fifth cranial nerve. From 
the circumstance that it apparently arises from the smaller of the 
two primary subdivisions of the inferior maxillary trunk, along with 
the nerves which undoubtedly supply the muscles of mastication, and 
that it enters the substance of the buccinator muscle, some have 
regarded it as the motor nerve of supply for that muscle (Sir C. Bell, 
J. Mliller). Others, again, having traced branches proceeding from 
it^ jMurtly to the buccinator muscle itself, and partly to the glands 
and mucous membrane of the cheek, consider it to be both a motor 
and sensory nerve, its motor fibres assisting the portio dura of the 
seventh in the supply of the buccinator muscle. This view has been 
supported by various writers, and most recently by the late Dr Todd 
in his Clinical Lectures\ Thirdly, the buccal nerve is regarded as 
purely sensory in its function, as contributing no motor fibres to the 
buccinator muscle, which is therefore supplied solely by the portio 
dura of the seventh. This view is based on anatomical investiga- 
tion, on physiological experiment, and on pathological observation. 
On one, or other, or all of these grounds, it has been advocated, 
amongst others, by Mayo, Yolkmann, Longet, Alcock, Paget, Ejirkes, 
and Sanders. 

Of these different opinions as to its function the third is un- 
doiibtedly the one which is based on the most satisfactory evidence. 
Dr Alcock' traced the fibres which form the facial portion of the 
buccal nerve up to the ganglionic (sensory) root of the third division 
of the fifth. Mayo first pointed out that irritation of this nerve pro- 
duces no action on the muscle, and the general result of pathological 
observation has been to prove that when the muscles of mastication, 
which are supplied by the non-ganglionic (motor) part of the fifth 
nerve, are paralyzed, the buccinator still performs its functions; 
whilst, on the other hand, loss of power of the buccinator accompa- 
nies paralysis of the portio dura of the seventh. 

A case has recently come under my observation, which supplies 
an additional proof, and from a different point of view to those 
hitherto advanced, in favour of the purely sensory function of the 

1 2nd Edition, edited hj Dr Beale. 1861. 

* Todd's Cyclop<edia, Vol. n. p. 304. Article Fifth pair of nerves. 
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long buccal nerve. About the middle of last winter session one of 
my pupils, Mr Edwin Thompson, whilst dissecting the nerves on the 
left side of the face, observed that the mode of arrangement of the 
buccal nerve differed from the description in the text booka He re- 
quested my attention to his dissection, when I found the very remark- 
able variation in the mode of origin of the buccal nerve which I shall 
now describe. From the smaller of the two primary subdivisions of 
the inferior maxillary nerve branches arose which passed in the usual 
manner to supply the masseter, temporal, and two pterygoid muscles, 
but no buccal branch proceeded from it. When the surface of the 
buccinator muscle was exposed, a nerve was however seen to pierce it 
at the customary spot, and when this was traced to its origin, it was 
found to ascend in close relation to the posterior part of the outer sur- 
face of the superior maxilla as far as the spheno-maxillary fossa^ where 
it took its rise from the superior maxillary or second division of the 
fifth nerve. At its origin it was blended with the posterior dental 
branch of the same nerve, which, after a short course, separated from 
it to enter a canal in the upper jaw for the supply of the molar 
teeth. 

As the superior maxillary nerve is purely sensory in its function, 
the branches which proceed from it necessarily partake of the pro- 
perty of the parent trunk. But as it might have happened that in 
this case the motor root of the fifth, instead of expending itself 
wholly on the inferior maxillary nerve, might have given a branch 
within the cranium to the superior maxillary after its origin from 
the ganglion, and so have communicated to that trunk motor fibres, 
I carefully dissected the ganglion and nerves proceeding from it, and 
satisfied myself that the whole of the motor root in the usual way 
attached itself to the inferior maxillary trunk. Hence there could be 
no doubt that in this case the long buccal nerve on the left side was 
purely sensory. We may then, I think, accept the variation in the 
origin of the nerve exhibited in this individual as a dissection by the 
hand of nature herself, which affords a key to the determination of 
the function of the nerve, and confirms in a striking manner the 
results which had previously been arrived at by the minute dissection 
of the anatomist, by physiological experiment and pathological obser- 
vation. What the arrangement of this nerve on the right side of the 
same subject may have been I am unable to say, as the parts had 
been so far removed, before my attention was called to the dissection, 
that its connections could not precisely be determined. 



ON THE ACTIONS OF MUSCLES PASSING OVER MORE 
THAN ONE JOINT, by John Cleland, KD., Professor of 
AncUoniy and Fhyaiology, Oahuay. 

Ths muscles of the limbs are easily grouped into those which pass 
over one joint each, and those which pass over more joints than one; 
which latter may for brevity be called long muscles. The long 
muscles are functionally divisible into three sets, not quite distinct 
one from another. Some habitually produce movement in one 
continuous direction in. all the joints over which they pass, as for 
example the flexors and extensor^ of the fingers, the short flexor of 
the toes, and the pectoralis major ; others cause simultaneous move- 
ment in opposite directions to take place at different joints which 
they influence; and to this group the sartorius, the lumbricales, and 
the dorsal interossei belong^ : while a third set may be distinguished 
as consisting of muscles which, although calculated to cause motion 
in one direction at the different joints over which they pass, are yet 
in the ordinary gestures of the body so combined in action with other 
muscles that when at one of those joints there is movement in one 
direction, at the other there is movement in the opposite. It is to 
this last set of muscles, including the biceps and long head of the 
triceps of the arm, the gastrocnemius, the hamstring muscles, &c, 
that the following remarks refer. 

The peculiarities of these muscles first attracted my attention, 
while making dissections of the horse, nearly four years ago ; and I 
briefly brought them under the notice of the physiological section of 
the British Association at Newcastle. 

The coraco-radialis muscle of the horse, corresponding with the 
biceps of the human arm, is a tough and compact muscle nearly in- 
cased in a tendinous sheath, and divided by numerous tendinous septa 
arranged longitudinally within it. To these are attached its short 
oblique muscular fibres, arranged in compound pennate fashion and ex- 
tremely numerous, but varying in length from so short an extent as a 
quarter of an inch to not much more than half an inch: and in the 
centre of the muscle is imbedded a strong ligament which passes 
uninterruptedly from the scapular to the radial attachment From 
near the lower end of this ligament a tendinous slip, corresponding 
with the semilunar &scia of the human subject, passes downwards in 

^ The peenliar action of the Imnbrioales and dorsal interosfiei miiBoleB in at onoe 
flexing the proximal phalanges and extending the others, mentioned by Hunter {ColUcted 
Works, Vol. IV. p. 237), ifl yery frequently overlooked. My attention was drawn to it by 
Professor Ooodsir. 
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front of the radius to the great extensor of the metacarpus, and, 
continuing on the surface of that muscle, goes on to join its inferior 
tendon. There is thus completed an uninterrupted fibrous connection 
between the scapula and the cannon bone; and although the lower 
of the two bands which form it is nothing more than a strong 
aponeurosis, yet its existence is sufficient to show that those limits 
to movement which it deteimines in the dissected limb existed in 
life. By means of the brachial ligament described, flexion of the 
shoulder causes a corresponding amount of flexion of the elbow ; and 
extension of the elbow causes extension of the shoulder : also the 
upper extremity of the tendon to the cannon bone being puUed 
upward in each extension of the elbow, the carpus is pulled into the 
extended position at the same time. 

The whole arrangement belong!^ to a mechanism by which the 
weight of the body is supported on the straight limb without the aid 
of muscular contraction. Thus when the shoulder and elbow-joints 
are being extended in setting the limb to the ground, the band to 
the cannon bone ensures the simultaneous extension of the horse's 
knee : once on the ground, that joint and the joints below are kept 
extended by their construction and the pressure from above ; but the 
flexors of the carpus are so short as to admit of very little flexion of 
the elbow when the knee is extended; they therefore support the 
humerus when its upper extremity is pressed on from above; and 
this they do, not by active contraction, but in virtue of their shortness; 
the coraco-brachialis and its contained ligament, maintain without 
muscular contraction, the proper amount of extension of the shoulder 
as long as the elbow is extended; and lastly, the weight of the thorax 
is suspended between the scapulae principally by means of the 
serrati magni muscles, without these muscles being necessarily 
actively contracted. 

In the hind limb of the horse arrangements of the same descrip- 
tion exist. Thus the flexor pedis perforatus, which is attached 
superiorly above the condyles of the femur, has its muscular fibres 
still shorter and more separated by tendons than the ooraco-radialis; 
the length of fibre being about a quarter of an inch, and the arrange- 
ment such that the total shortening of the whole muscle cannot 
exceed that of a single fibre ; and in front of the leg a ligament in 
connection with the flexor metatarsi binds the femur and metatarsus 
so closely together that flexion of the stifle joint compels flexion of 
the hock to a corresponding extent. In fact, the advantages of 
construction which the horse's limbs exhibit for the production of the 
series of movements required by the animal's habits, are obtained by 
means which involve a narrow limit to the variety of movements; 
some of the muscles being associated with ligaments, and restricting 
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motion as much as mere ligamentous bands would, while others more 
or less approach the same disposition. 

But the limit of motion by the shortness of muscles is not an 
arrangement confined to one animal, although perhaps in the horse 
the principle is carried to a greater extent than in any other. The 
elbow of the cat can be bent by moving the shoulder-blade. In birds, 
extension of the elbow compels extension of the metacarpus; the 
extensor carpi radialis being too short to admit of the metacarpus 
remaining flexed when the elbow is extended, and the humeral 
attachment of the muscle thus drawn further from the radius. Also, 
in perching birds, the flexion of the metatarsus on the leg, caused by 
the weight of the body, is sufficient to produce flexion of the 
phalanges, so that the bird grasps its perch with little muscular 
exertion. 

Instances of the same description of interdependence of joints are 
observable in the human body. Few persons, if any, can combine 
complete flexion of the hip with extension of the knee, the hamstring 
muscles being too short to admit of it; and therefore flexion of the 
hip-joint ought to be avoided by the surgeon, where maintained exten^ 
don of the knee-joint is desirable. When the knee is bent the foot can 
be flexed on the leg to an extent which, when the knee is extended, 
the gastrocnemius prevents; and in a limb severed from the trunk the 
straight knee can be bent by pushing up the front of the foot. If the 
wrist be overextended, and it be then sought to straighten the 
fingers, it will be found that movement forwards at the wrist will take 
place in the attempt It is to be observed, however, that although in 
these various instances certcdn combinations of attitude in neigh- 
bouring joints are prevented, it is seldom, if ever, that in the natural 
movements of the body this property of muscles is brought into play. 
It is only by putting the limbs in positions uncomfortable, imusual 
and useless, that the shortness of the muscles is discovered. Thus, 
for example, the shortness of the hamstring muscles is illustrated by 
the difficulty of accomplishing one of the feats demanded of men on 
drill, namely, to touch their toes with their fingers, while the knees 
are kept straight; but this position is one which would never be 
assumed for any practical purpose, and although it may be ingeniously 
fitted for the torture of apoplectic soldiers, it is not likely to give free- 
dom of movement in the proper use of the joints; being only calculated 
to stretch the hamstring muscles to a greater length than usual, 
which has not been shown to be any advantage. 

The combinations of movement most frequently observed in the 
htunan limbs are of precisely the same nature as those which are the 
only movements allowed in the limbs of the horse. Thus in the usual 
gestures of the arms, whether in grasping or rejecting, the shoulder 
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and the elbow are flexed simultaiieously, and simultaneously, extended; 
and even in suddenly throwing the arms forwards when they are 
hanging at rest by the side, the natural movement is not to swing 
them forwards at once from the shoulder, but to flex the shoulder and 
elbow-joints, then dart both arm and forearm forwards together, in 
the same way as in rowing. Thus also with regard to the lower 
limbs in running, as well as in rising and sinking on the straightening 
and bending legs, the hip, the knee and the ankle are extended and 
flexed together; and this is also the case in walking, except in that 
part of the process in which the limb is thrown forwards in front of 
the body. But in straightening the elbow and throwing forward the 
shoulder together, the biceps muscle is pulled upon at the elbow, 
while the arm at the shoulder moves as if yielding before that 
muscle ; and the straightening of the elbow approximates the attach- 
ments of the triceps muscle, while the simultaneous extension of the 
shoulder increases the distance ov^r which the long head of the 
triceps is stretched at its upper end. Similarly to this, in the 
movements of walking, the hamstring muscles, the rectus femoris, 
and the gastrocnemius are not alternately stretched and contracted; 
but as each has its distance over one joint shortened, it has the dis- 
tance over which it passes at the other joint increased 

What then is the action of all these muscles in movements of the 
sort described ? In the foreleg of the horse the whole shortening of 
the coraco-radialis, supposing that muscle to contract either in aid of 
extension of the shoulder or flexion of the elbow, is certainly less 
than half an inch ; and a shortening of half an inch will produce 
scarcely any movement in the limb of so large an animal as a horse. 
In like manner, the flexor perforatus of the hind-limb can produce 
hardly any efiect by mere change of length, seeing that the extent 
of its possible contraction is less than a quarter of an inch. But 
while it is obvious that these short-fibred muscles are not the active 
elements .which produce extensive movements in the joints over 
which they are placed, a little reflection will make it clear, that 
whatever the length of fibre of the muscle whose action we consider, 
if the movements of the limb resemble those of the horse in being of 
such a description that the attachments of the muscle, instead of 
approaching and separating, remain at a pretty uniform distance 
throughout, that muscle cannot be the moving agent And this is a 
case which actually occurs. Thus I have made measurements of the 
distance from the superior to the inferior attachment of the gastro- 
cnemius muscle^ when both knee and ankle were -completely flexed, 
and when they were both completely extended^ and have found that 
the distance remains unchanged If we sink upon the bended knees^ 
flexing the limbs completely and remaining balanced on the toes, 
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then rise to our full height on tip-toe, the length of the gastrocnemius 
remains unchanged in the movement. Therefore the belief that this 
muscle acts similarly to the soleus, and in conjunction ifrith it^ is 
altogether erroneous; and it may be truly said, that had no other 
movements been required than those involving uniform relation of 
ankle and knee, a ligament would have served the purpose of the 
gastrocnemius muscle. 

Let us suppose the semimembranosus muscle, the rectus femoris 
and the gastrocnemius to be each replaced by a ligament, and let the 
semitendinosus and biceps be left, for simplicity's sake, out of conside- 
ration. In bending the limb, the hip-joint being flexed by the ilio* 
psoas, the knee would be compelled to bend by the semimembranosus 
preventing the upper end of the tibia increasing its distance from the 
iechium, and, in the case of the limb being free, the ilio-psoas would 
have thrown upon it the muscular effort required to bend the knee as 
well as the hip. On the other hand, if the limb were bent beneath 
the weight of the body, the gastrocnemius, being pulled down by the 
flexion of the ankle, would drag down the thigh, and the rectus 
femoris stretched over the bent knee would pull forwards the pelvis, 
and so flex the trunk on the femur; and thus flexion of the 
ankle would compel flexion of the hip-joint In straightening the 
limb, the soleus, the vasti and crureus, and the gluteus maximus 
would continue to extend the ankle, knee and hip respectively ; but 
while the action of the soleus would be confined to the ankle-joint, 
because in the human subject, contrary to what is the case in quad- 
rupeds, no muscle of the dorsum of the foot extends over the knee to 
the femur, the action of the other muscles enumerated would not be 
confined to the joints over which they pass. For the extension of the 
thigh from the hip by the gluteus maximus would drag the knee 
straight by pulling upwards the rectus femoris, and the straightening 
of the knee would extend the foot by dragging upwards the gastro- 
cnemius. So also contraction of the vasti and crureus would act on 
both ankle and hip-joint by dragging up the gastrocnemius and 
pulling down the semimembranosus. Now it is easy to perceive that 
effects such as we have been supposing to be produced by ligaments 
are actually produced habitually by muscle& This is obviously the 
case wherever the points of attachment of a muscle remain without 
alteration of distance throughout a movement of the limb; it is 
obvious also when the points of attachment become further removed 
one from the other during the movement ; and even where there is 
shortening of the muscle, there is a mixture of the same ligamentous 
action whenever the more fixed attachment is dragged in a direction 
away from the point occupied, at the commencement of the move* 
ment, by the more mobile attachment 
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I think that I have now made it very plain that the action of the 
hamstring, rectus femoris, and gastrocnemius muscles in the lower 
Mmb, and of the biceps and long head of the triceps in the arm^ is in 
the ordinary series of movements chiefly of a ligamentous character^ 
and that action of the same description enters as an element com- 
bined with true muscular action in the accomplishment of movements 
by other muscles. 

One effect of ligamentous action of long muscles is to give to short 
fnugdes an indirect action on joints over which they do not pass. Thus 
if the rectus femoris remain tonically of such length that when 
stretched over the extended hip it compels extension of the knee, 
then the gluteus maximus becomes not only an extensor of the hip 
but an extensor of the knee as welL Such indirect action may either 
come into operation to make muscles which attach limbs to the body 
efficient in moving distant joints in the neighbourhood of which it 
would be inconvenient to have large masses of muscle, or may cause 
the action of two groups of powerful short muscles to be effective on 
one or other joint as may be required. The first of these advantages 
is illustrated in the limbs of horses, and still better in the wings of 
birds, in which the powerful pectorales muscles and their antagonists, 
largely developed and lying against the body, are made the motor 
agents of all the joints of the wing, which are thus left comparatively 
unincumbered with the weight and bulk of muscle. The other 
principle is illustrated in the lower limbs of man, for if the gluteus 
maximus act on the knee-joint through the rectus, and the vasti and 
crureus on the hip-joint through the hamstring muscles, then the 
total amount of muscular power is made available for overcoming the 
total amount of resistance, whichever be the joint on which that may 
to the greatest extent faL 

The action of muscles thus ligamentously employed differs, how- 
ever, in various respects from that of mere ligament. Taxed beyond 
its strength a ligament will be ruptured, whereas a contracted muscle 
is easily relaxed: also, if neighbouriug joints be united by ligaments, 
the amount of flexion or extension of each must remain in constant 
proportion to that of the other; while, if the union be by muscles, the 
separation ef the points of attachment of those muscles may vary 
considerably in different varieties of movement, the muscles adapting 
themselves tonically to the length required. In these circumstances 
sufficient reason is to be found for the employment of an organic 
action involving waste of tissue and energy, instead of bands with 
mere mechanical strength; and it is also to be recollected that a 
truly motor action is often combined with the ligamentous, and that 
occasionally the muscles, whose ligamentous function is most marked, 
are called on to act in a wholly different manner from that in which 
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they usually do, passing at once from greatest contraction to greatest 
stretch. For example, a movement of this description occurs in the 
arm in the i?ielding of a sabre or sledge-hammer; for if the elbow 
be flexed and the hand thrown behind the head, both elbow and 
shoulder are placed so as to approximate the attachments of the 
bioeps; and when the arm is then thrown forwards, the shoulder 
brought down, and the elbow extended, the biceps is stretched over 
both joints, while the long head of the triceps has its attachments 
suddenly approximated. So also, in the lower limb, in the move* 
ment of kicking, the hamstring muscles have their attachments at 
first approximated by overextension of the hip and flexion of the 
knee, then when the limb is swung forwards they are placed on 
full stretch, and the rectus femoris has its attachments approximated. 
Both of the movements mentioned, however, difier from those of the 
ordinary series, in being of a sudden and not of a sustained character, 
and in having the action, which is commenced by a violent muscular 
contraction, continued by the impetus of the swing of the Umb; and 
in neither movement can the long muscle, whose attachments are 
approximated, be considered as at all the principal muscle which is 
called into play. 

Besides diffusing to distant joints the action of short muscles, a 
second advantage is gained by the long muscles in those instances 
in which the ligamentous function is combined with contraction, 
namely, that the contractile force is greater than it would otherwise 
be. For a less amount of shortening takes place than would be 
necessaiy to produce the desired effect on the joint which yields to 
the muscle, if the far extremity of the muscle were not dragged 
away from that joint; and it is allowed that the force of contraction 
of a muscle diminishes as the muscle shortens; that the force with 
which a muscle may be maintained in fiill contraction is less than 
that with which it is capable of maintaining the semi-contzacted 
condition. 

As a corollary to the proposition that the action of long muscles 
in those movements in which their length is unchanged is ligament- 
ous, it may be laid down that in these circumstances they add 
nothing to the velocity of the movement, for they only convey from 
one joint to another the effects of the contraction of other muscles. 
Thus the rapidity with which the forearm is thrown forwards and 
withdrawn in the movements of boxing is quite unaided by the 
biceps and long head of the triceps, and produced altogether by the 
muscles which act on the shoulder and elbow-joints separately. In 
fact, the long muscles when acting ligamentously are diffusers and 
combiners, but are not producers of movement 

Various of the statements now made as to the mode of action of 
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long muscles find illustration in the following measurements of the 
hamstring muscles made on a dissected limb. 



Semitendinosus 
Semimembranosus 
Biceps (exdusiye of j 
the short head) ! 



Greatest 
poedble 
separa- 
tion of 
attach- 
ments 
after divi- 
ding the 
mosole. 



incfaet. 

20[ 
17! 

19 



Greatest 
stretch. 



indiM. 

18| 
16J 

17i 



Length in 
extension 
of hip and 
knee. 



incfaet. 
17i 

15} 



Length in 

flexion of 

hip and 

knee. 



incfaet. 

14 
15i 



Nearest 
approxi- 
mation of 
attach- 
ments. 



indiet. 

12f 
13i 

13| 



Length of 
flhre. 



7i 



From this table it appears that none of the hamstring muscles are 
long enough to permit the combination of complete flexion of the 
hip-joint with complete extension of the knee. 

It must be explained that in each muscle the dilBferent fibres were 
found to be of the same length, and that the measurement of fibre, in 
the case of the semitendinosus, has reference to the length of a fibre 
above or below the tendinous intersection, added to the length of 
that which was continuous with it on the other side of the inter- 
section; and it must be borne in mind that in all three muscles the 
arrangement of the fibres is such that the contraction of one fibre 
represents the total possible contraction of the muscle. It will now 
be seen that the greatest approximation of attachments in the dis* 
sected limb was in each case a position incapable of being reached by 
the contraction of the muscular fibres, for the difference between 
greatest stretch and greatest approximation of attachments was in 
the semitendinosus 6f-th inches, which to be obtained by contraction 
would require each fibre to be shortened to l^th inches; while in the 
semimembranosus and biceps the differences between greatest stretch 
and greatest approximation of attachments were in the two muscles 
respectively 3} and 3 J- inches, lengths greater than the length of 
fibre in each case. But the rectus femoris had been removed, and 
that muscle limits the approximation of attachmeqts of the hamstring 
muscles, as may be shown by throwing back the thigh and pressing 
the raised foot towards it with the hand, when pain will be felt in 
the rectus femoris, and the movement will be checked by it before 
reaching the amount of flexion of the knee which is possible when 
the hip is flexed. 

It will be noticed that the semitendinosus contrasts very decidedly 
with the biceps and semimembranosus, in respect that while the short 
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fibres of these muscles undergo only a veiy slight contraction in the 
passage from extension to flexion of the limb, the much longer fibres 
of the semitendinosus are in these circumstances contracted to less 
than half their full length. From this it appears that the semimem- 
branosus and biceps act chiefly in a ligamentous manner; and by the 
large number of their short fibres combining to maintain the required 
length of muscle they have great strength in their action, wheth^ 
they combine yriHi the vasti and crureus to erect the trunk upon the 
thigh in rising up, or convey the flexing action of the iliopsoas to the 
knee. The semitendinosus muscle, on the other hand, consisting of 
fibres few in number and with much more slender tendou than the 
biceps and semimembranosus, is much less fitted for bearing a great 
strain ; but will move the knee quickly through a large area^ and ill 
this will act in company with the sartorius and gracilis. 

In the bringing of these remarks to a close, another of the long 
muscles of the thigh, the rectus femoris, demands special notice on 
iiccount of the remarkable arrangement of the superior tendon. Per- 
haps that arrangement, which is by no means peculiar to man, is not 
to be explained principally by physiological considerations; but it is 
at least interesting to observe that the advantage of having the fibres 
rather in medium than in full contraction, gained, as already said, in 
some long muscles by stretching of the fibres over a joint, is in this 
instance obtained by the peculiarity of the upper attachments. For 
if when the thigh is straight the anterior head of the rectus be cut, 
the muscle will be lengthened at least a quarter of an inch; or if 
when the thigh is flexed the posterior head be cut, the muscle will in 
like manner be lengthened. It is obvious therefore that had only 
one of the heads existed, there would have been a quarter of an inch 
more contraction of the muscle required, either in passing from the 
extended to the flexed or from the flexed to the extended position of 
the hip-joint To gain that quarter of an inch of shortening without 
contraction of every fibre to that extent frirther than is its wont, 
would require the addition of probably half an inch of muscle; and 
that addition would require to be made to every fibre in order to be 
effective. The total addition of muscular action thus required would 
be considerable; and so ako, therefore, is the saving of muscular 
action caused by the arrangement of Hie upper heads of origin. 
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ON THE RETINA OF AMPHIBIA AND REPTILES, by 
J. W. HuLKE^ Assistant-Surgeon to the Middlesex and Royal 
London Ophthalmic Hospitals, and joint Lecturer on Fhysiology 
in the Middlesex Hospital Medical School 

In this paper I have sought to embody the results of a study of 
the amphibian and reptilian retina begun in 1862, and comprising 
now bdfo vulgaris, rana temporaries triton cristatus, the black and 
golden salamander of Europe, boa constrictor, natrix torquata^ 
vipera communis, anguis fragilis, chameleon, Spanish gecho, iguana 
(tuberculata?), lacerta viridis, a larger blue-spotted lizard, testudo 
Graeca^ emys or terrapene, and chelonia mydas. In all of these 
ft.iiiTnA.1a the retina shews the following layers in regular sequence 
from its outer to its inner surface* : 

1. Bacillary layers Layer of cones and rods » Jacob's mem- 
brane. 

, , 1 Collectively these form H. Mttller's and 

iTter^uk 1 I ^^^'^^^'^ Komerschicht, with its three 
. n r-gra . ^ subdivisions, and Bowman's aizglome- 

4. Inner-granule 1. J ^^^ ^ ^^^^ "» 

6, Granular L &= E5lliker^s Lage grauer Himsubstanz. 

s= H. Miiller's granulose Schicht^ = Bowman's 
grey vesicular layer. 

6. Ganglionic L =Muller'8 NervenzeUenschicht, = Bow- 

man's caudate, nucleated vesicles. 

7. Optic nerve 1. 

The plan which I have proposed to myself is to describe these layers 
seriatim, then to trace the continuity of the nervous and of the 
connective elements throughout the layers and interpret their physio* 
logical offices, and lastly to sketch the important structural modifi- 
cations which mark the centre and the ora retinae. 

1. Bacillary layer. — In most of the animals comprehended in 
my study this layer contains both cones and rods, but in the 
chameleon, iguana, gecho, snake and viper, I found only one kind of 
bacillary element 

PL I. figs. 1 — 12. The cones and rods both consist of an outer and 
an inner segment, the former termed the shaft, the latter called the ap- 
pendage or body. These parts are divided by a bright transverse Une, 
at which the slightest force separates them. The constant occurrence 

1 In this paper outer always refers to the retinal surface towards the dhoroid, and 
inner to that towards the yitreons humour. 
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cxf the dividing line at the same height^ its distinctness in perfectly 
firesh specimens, the eyenness of the separated surfaces, the very fisunle 
separation of the segments, and their different refractive powers, 
speak for the normality of the segmentation and for its existence 
daring life, and against its being merely a post mortem change. 

The shaft (PL L figs. 1 — 12 a), has sharp, hard outlines. It is 
a more conspicuous object than the appendage. Its profile figure is 
a slender rectangle (slightly tapering towards the outer end), but the 
actual shape is probably a cylinder or long prism. The outer end of 
isolated shafts is usually uneven from mutilation, but in perfect spe^ 
cimens it is a straight line. The inner end, which joins the appendage, 
is always limited by a sharp, straight line. A membranous sheath, 
and a contained homogeneous albuminous substance, granulated by 
coagulating agents, are the only natural parts recognizable. Ritter^s 
' axial fibre,' described from chromic acid preparations, is, I believe, 
the ooarcted and drawn-out inner portion of the appendage, the outer 
portion of which is vesicularly dilated. The fibre always appears to 
me to pass without interruption into the contour of the vesicle, and 
never to lie inside this (PL I. figs. 3, 4). The true origin of the 
fibre is easily ascertained by tracing its gradual evolution through 
the numerous intermediate phases which occur between the stout, 
bulbous, and the slender-stalked vesicular metamorphoses of the 
appendage. 

The appendage (PL I. figs. 1 — 12 6) is a pale, club-like, cylindrical 
or fusiform body. The outer end, that which joins the shaft, is 
abruptly truncated; while the inner end is either rounded, or it 
tapers, and it is prolonged into the outer-granule layer as a flattened 
ribbon or round fibre— the primitive cone or rodrfibrey collectively 
termed primitive bacillary fibres (PL I. figs. 8, 9 e). 

A very constant difference is perceptible in the inner and outer 
parts of the appendage in perfectly fresh specimens examined instantly 
after decapitation of the animal, the former being less coarsely 
granidar than the latter, which is either very finely granular or clear. 
This difference increases soon after death, and in chromic acid pre- 
parations the coarser granulation of the contents of the outer half is 
very obviou& Another difference is observable in the effect of 
cannine, which tinges the outer part lightly, or not at all, and deeply 
stains the iiiner. 

The appendage, like the shaft, also consists of a membranous sheath 
and albuminous content& In addition to this an outer-granule is 
always lodged in the inner end of the appendage whenever this latter 
ifl large enough to hold it (PL I. figs. 8, 12 (2), and the outer end in 
the cones of some animals contains a bright globular bead, which 
always lies close to the line dividing the appendage and shaft (PL L 
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figs. 2 — 12 c). Its colour is yellow or pale green in the toad, frog, tritoii» 
salamander, blind worm, and lizard; while the land and water tortoises 
and the turtle have also ruby beaded cones, the green beads lying in 
the smallest cones, the yellow in the intermediate, and the ruby in 
the largest. The occurrence of the cone-bead in the blind worm is 
interesting in connection with its other lacertian affinities. It is 
wanting in the common snake and viper. 

Nothing is yet known of the chemistry of the colouring matter, 
or of the physiological meaning of these remarkable beads. I have 
found that rose-aniline imparts to the yellow and pale green beads 
the intense stain it gives the nucleus of the red blood corpuscle, and 
that iodine turns the ruby to mauve and the yellow to dark green. 
In the emys the red beads absorb the violet, indigo, blue, green, and 
part of the yellow rays of the spectrum to the d (soda) line, and 
transmit the remaining yellow, orange, and red rays. The yellow 
beads absorb the violet and other rays to about the b line of the 
spectrum, and transmit part of. the green, and all the yellow, orange, 
and red rays. The green beads absorb the violet, indigo, and a small 
adjacent portion of the blue rays of the spectrum, and transmit all 
the rest. In short it appears that the beads absorb the rays belong- 
ing to the chemical^ and transmit those belonging to the heat-domain 
of the spectrum*. 

Whatever other differences are held respecting the mode of visual 
perception, all physiologists have long agreed that the cones and rods 
are the sentient elements. This is concluded (1) from the absence 
of perception from the optic nerve-entrance, where there are no 
cones or rods; (2) from the unfitness of the other nervous tissues, 
by reason of their anatomical arrangement, to receive separate and 
distinct stimuli; (3) from the obvious fitness of the cones and rods by 
their serial arrangement in a single stratum, and their insulation, 
to receive distinct stimuli; (4) by the formation of a superficies by 
the outer ends of the shafts collectively, upon which correct images 
may be formed; and (5) by Purkinje's experiment, which demon- 
strates that the sentient elements lie at the outer surface of the 
retina 

Universal and decisive characters by which we may distinguish 
cones from rods are yet wanting, if indeed such will ever be dis- 
covered. Size, shape, and the cone-bead will not always serve us, 
for while the rods much exceed the cones in the toad, frog, triton, 
and salamander, their sizes differ little in the tortoise and turtle, 
and in the chameleon's central fovea the cones are' as long and as 
slender as the most typical rods. Again, the bead, which is perfectly 

1 For the use of Beyeral speciroficopeB and mnoh yaloable aBsistanoe in these obeer- 
TationB, I am indebted to Mr Heisoh. 
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decisive of cones when present, is altogether absent from many 
reptiles and from all mammalia, so that its absence does not count 
for anything. 

The relations of the cones and rods to the choroid differ from 
those which obtain in the human retina, where the outer ends of the 
shafts simply stand oh the pigment epithelium. In amphibia and 
reptiles the outer ends of the shafts similarly rest on the choroidal 
epithelium, but processes of pigment are prolonged from this inwards 
between the shafts, sheathing them and separating each one from its 
neighbour. The pigment is granular, and the grains lie in linear 
series, perpendicular to the choroidal surface, embedded in a soft 
interstitial tissue which occupies the spaces between and around the 
cone shafts. 

My observations respecting the relations of the cones and rods to 
the membrana limitans externa, and the nature of this membrane, 
agree with those of Schultze. It is a fenestrated, glassy membrane, 
and the cone and rod-appendages perforate it, sitting in its apertures, 
as Schultze says, like eggs in an egg-board, and prolonging themselves 
at its inner surface into the next layer in the form of primitive bacil- 
lary fibres. 

2. Outer-granule layer, — ^Perfectly fresh outer-granules, exa- 
mined in vitreous humour, are large, circular, or roundly-oval nuclei, 
occasionally containing a nucleolus (PI. u. figs. 1 — 4i a). In chromic 
acid preparations, besides these circular outer-granules, elliptical 
(myrtle-leaf) ones are not unfrequent, particularly in the salamander 
and frog (PL ii. figs. 1, 2 b), and these have been distinguished by 
the name cone-granules from the belief that they are always asso- 
ciated with cones and never with rods. The myrtle-leaf outer- 
granules belong, however, indifferently to cones and rods, and are not 
the granules (so called) simply and solely, but they are granules 
sheathed in a production of the bacillary appendage which shrinks 
under the influence of the chromic acid (used to harden the retina 
prepaiatoiy to making the sections), and alters the shape of the 
granule which it encloses. 

The number of the outer-granules equals that of the cones and 
rods, since each of these has one of the granules associated with it in 
one of two ways: either the bacillary appendage, when its size allows, 
includes the granule in the manner already described, or when too 
slender to include it communicates with it by the intervention of 
the primitive bacillary fibre. The closeness of this relation justifies 
us in regarding the outer-granules as the nuclei of the bacillary 
appendages 

The layer is traversed obliquely from its outer towards its 
inner surface, and in a direction from the centre of the retina 

VOL. I. 7 
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towards the ora by the primitive cone and rod-fibres, the obliquity 
of these fibres decreasing as their distance from the retinal centre 
increases; and it is traversed perpendicularly to its surfaces by 
another set of fibres which course outwards in a direction radial from 
the centre of the globe towards the inner surface of the membrana 
limitans externa, where they lose themselves. These are the termi- 
nations of the connective-tissue fibres, named after their discoverer, 
BL Muller, and the former set are nervous. 

This diflferent arrangement of the two systems of fibres was first 
discovered by Muller in the chameleon. I have observed it in all 
the animals included in this paper, but plainest in the lizards 
(PL III. fig. 1). Since it is repeated in the following layers it is of 
the greatest value, because it enables us to ascertain the anatomical 
nature of a particular fibre from its direction, and to deduce the 
nature of the nuclei and cells in the granule and inter-granule layers 
from their relations to the fibres. 

3. Inter-granule layer. — ^This consists of a thin stratum of con- 
nective-tissue bounding the outer surface of the inner-granule layer 
(PL rv. fig. 2/), and of a nervous plexus lying between this stratum 
and the outer-grantde layer (PL iv. fig. 2 g). 

The nervous plexus arises out of the union of the primitive bacil- 
lary fibres at the inner surface of the outer-granule layer. In the 
chameleon, iguana, and gecho, it is remarkably conspicuous at the 
centre of the retina, where it forms a very thick band, which thins 
out and becomes less apparent towards the ora. In chelonians the 
arrangement of the plexus is essentially the same, though less 
evident. 

The general direction of the bundles of the plexus coincides with 
that of the primitive fibres in the outer-granule layer, and the bun- 
dles interchange in such a way that the fibres are brought from the 
outer towards the inner surface of the plexus. Here the bundles are 
again resolved into delicate fibres, which pass through the connective- 
tissue stratum into the inner-granule layer. 

4. Inner-granule layer (PL IL fig. 6). Here, as has been 
mentioned, we find the same two systems of fibres, one obliquely 
radial from the outer towards the inner surface of the layer, and &t>m 
the centre towards the ora of the retina; the other having a direction 
vertical to the surfaces of the layer, and radial from the centre of 
the globe : the first system is nervous, the second connective-tissue. 

The oblique fibres have two sets of cells associated with them. 

1. Small, oval, or bipolar nuclei, which lie in the finer fibres. These 
are more numerous, and occur everywhere throughout the layer. 

2. Larger, nucleated, branched cells, receiving on the one side stout 
fibres, resulting from the union of the finer ones just mentioned, and 
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on the other side detaching fibres, which obliquely pass through the 
granular layer, and join the outer branches of the cells of the gan- 
glionic layer. These larger inner-granules are less numerous than 
the smaller, and occur mostly near the inner surface of the layer. 

The vertically radial connective-tissue fibres have long fusiform 
bodies in close relation with them. The first impression conveyed 
to the mind is that they are nodal thickenings; but more careful in- 
spection shews that they are independent structures, perhaps homo- 
logous with connective-tissue corpuscles, closely clinging to the radial 
fibres by finely areolated branches. 

5. Qranvlar layer (PI. iv. fig. 1 g). This keeps a more uniform 
thickness throughout the retina, and declines more gradually towards 
the ora than the other layera At the thin edges of good sections 
the tissue, as Schultze pointed out, may be seen with a high magni- 
fying power to be finely areolated. Its derivation, in great part 
from the radial connective fibres which run vertically through it, 
shews that it is a connective-tissue. The granular appearance is 
produced by the fineness of the net, and by the innumerable ends 
of the extremely delicate fibres divided in the section. 

Dark bands, in which a longitudinal fibrillation is sometimes 
apparent, are very constantly seen in lizards, parallel with the sur- 
faces of the layer. 

The oblique nervous fibres mentioned in the inner-granule layer 
run through this layer also obliquely on their way to the ganglionic 
layer. 

6. Oanglionic layer. — ^The constituents of this layer are (1) 
large, strongly outlined, circular nuclei, and (2) larger, branched, 
nucleated cells having a faint contour, and a pale, finely granulated 
texture (PL ii. fig. 5). They lie between the vertically radial con- 
nective-tissue fibres. 

The free nuclei so closely resemble the nuclei of the branched 
cells, and so firequently have fragments of tissue adhering to them 
which is not optically distinguishable from the tissue of the cells, 
that it seems probable they have escaped from cells and that all 
the perfect cells are nucleated and branched. 

The connection of the branched cells with the nervous fibres 
coming through the granular layer from the inner-granule layer was 
mentioned in the description of this last layer. On the other side 
the cells detach branches which join the optic nerve fibres. 

7. Optio-nerve layer. — ^The optic nerve pierces the eyeball below 
the axis, at its temporal sida In lizards the spot at which the nerve 
appears at the inner surface is marked by a well-developed conical 
or sword-like pecten. The boa also has a minute globular pecten 
(PL m. fig. 3), and the common viper a still more rudimentary one, 

7—2 
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but the common snake, blind-worm, tortoise, and turtle, have none. 
The base of the pecten is continuous with the choroid. It is formed 
by a vascular plexus with a little pigmented interstitial connective- 
tissue; its surface is even and not plaited as in birds, and it is over- 
laid by a thin stratum of pigment, and by a hyaloid membrane chan- 
nelled by the blood-vessels, which are distributed between the outer 
surface of the vitreous humour and the retina. 

The bundles of nerve fibres run through the base of the pecten 
and radiate towards the ora in a plexus with long meshes, in such a 
manner that those bundles of fibres only which are distributed to 
the retinal centre pass directly towards this from the pecten, while 
those bundles proceeding to parts beyond the centre, at its nasal 
side, arch above and below this latter in increasingly open curves. 
The bundles are separated from the membrana limitans interna by 
a thin stratum of tissue identical with that of the granular layer. 

The fibres resemble axis-cylinders. Fresh ones are perfectly 
transparent. In chelonia their diameter is less uniform than in the 
lizards and snakes, and they are more varicose than in these latter 
animals and in the frog and salamander. The connection of the 
nerve-fibres and ganglion-cells has been already mentioned. 

We now come to the membrana limitans interna, a structureless 
membrane which bounds, as its name conveys, the inner surface of 
the retina. The outer surface of the membrane gives origin to Mttl- 
ler's radial fibres, which arise fi"om it by winged, decurrent expan- 
sions (PL IV. fig. 1/) ; and the inner surface is so closely applied to the 
hyaloid capsule which encloses the vitreous humour that it cannot 
always be artificially separated from it. 

I repeat that there are not any blood-vessels in the retina in 
these animals. Their absence is compensated by the close relation 
of the bacillary layer to the vascular choroid, and by the net of the 
blood-vessels in the hyaloid capsule (PL IIL fig. 4 e). 

My readers will now be able to follow me as I trace the conti- 
nuity of the nervous and of the connective-tissues through the dif- 
ferent layers, in doing which the different directions of the fibres 
prove of the utmost service. 

Beginning with the nervous tissues, at the outer surface of the 
retina (that which is furthest from incident light), we find the sen- 
tient cones and rods, each one of which, by means of its appendage, 
or through the intervention of its primitive fibre, is associated with 
an outer-granule so intimately that we may regard this latter as 
the nucleus of the appendage, which we may consider a specially mo- 
dified celL 

The primitive cone and rod-fibres continued from the appendages 
traverse obliquely the outer-granule layer, and at its inner-surface 
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fonn a plexus, which constitutes a large part of the inter-granule 
layer. The bundles of this plexus keep the same general direction 
as that of the primitive fibres, and at its inner surface break up 
again into fine (primitive?) fibres which run through the connective- 
tissue stratum of the inter-granule layer inte the inner-granule 
layer. Here they take up the lesser inner-granules, and form a 
second plexus with long obliquely directed meshes. Towards the 
inner surface of the layer the bundles grow steuter by the union of 
the smaller fibres, and end in the large branched cells resembling gan- 
glion-cells, which in turn give off other branches that run obliquely 
through the granular layer te the ganglionic layer, and join here the 
outer branches of its cells, other branches of which become conti- 
nuous with the optic nerve-fibrea 

Our knowledge is at present teo imperfect te allow us to fix with 
certainty the physiological offices of all the elementary nervous tis- 
sues; for while the indications respecting some are so strong as te 
amount as nearly to demonstration as the case permits, with regard 
to others they are so weak as to be merely suggestive. The cones 
and rods fall in the first class; all agree that they are the sentient 
elements; but if we go beyond this and try te fix the meaning of 
each of the parts composing them, we stumble at once on great 
difficulties. 

The high refiracting power, the straight sides, and the insulation 
of the shafts by black pigment, suggest a physical, optical office; 
while the absence of these very qualities, and the presence of a nu- 
cleus (outer-granule), hint that the appendage performs a vital role. 
May it be that at the junction of shaft and appendage light is con- 
verted (if I may so express it) into nerve force? The absorption of 
the chemical rays of the spectrum by the cone-beads which lie here 
favours this conjecture. 

K the outer-granule is rightly regarded as the nucleus of the ap- 
pendage, we presume its office is the maintenance of the integrity of 
this latter as a living organ. 

The system of oblique fibres, from its structural continuity with 
known nervous tissues (e.g. the cones and rods, and the ganglion- 
cells) must be also nervous, and its function internuncial. 

It is not certain whether we ought to regard the smaller inner- 
graDules as the nuclei of a particular segment of the oblique-fibre 
system, or as bipolar ganglion-cells; but the close similarity of the 
larger inner-granules to ganglion-cells, their relations to the steuter 
oblique fibres, and their connection with the cells of the ganglionic 
layer (by fibres running through the granular layer) indicate these 
inner-granules te be ganglion-cells. Since each primitive bacillary 
fibre represents a cone or rod, and the stouter fibres going te the 
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larger inner-granules are composed of several of the finer fibres, it 
results that each of these granules corresponds with several badllaiy 
elements, and its inner branches serve to convey the nervous currents 
received firom them through the oblique fibres to the cells of the 
ganglionic layers. 

Each ganglion-cell probably communicates with more than one 
larger inner-granule, and through these with as many groups of 
cones and rods; and these relations hint that the cones and rods 
may be disposed in physiological groups, each of which is controlled 
by a ganglion-cell. 



I now proceed to review the connective-tissues in the same manner 
as the nervous. They consist of (1) the membrana limitans interna^ 
and memb. limit ext; (2) a system of fibres running vertically be- 
tween these membranes, named after Miiller; (3) finely areolated 
interstitial tissue. The limiting membranes and their relations to 
the other tissues and the grantdar layer which properly belongs to 
this section, have, for convenience' sake, been already described ; and 
the origin of MfilWs fibres from the outer surface of the limitans 
interna was noticed, so that it only remains to trace the general course 
of these fibres. They pass from the membrana limitans interna out- 
wards, vertically through all the layers, and branching repeatedly, 
and becoming ultimately very fine, they end at the inner surface of 
the membrana limitans externa. They evidently form a frame, the 
office of which is to bind the layers together. In their outward 
course they first pass through the meshes of the optic nerve plexus, 
and through the ganglionic layers, where, in vertical sections tan- 
gental to the optic nerve entrance, they resemble stout pillars with 
arcade-like interspaces which transmit the nerve-fibres, and lodge the 
ganglion-cells. The arches are constructed of branches which the 
stout trunk-fibres detach before they enter the granular layer. 
Pursuing their outward course through this layer, the fibres give off 
within it numerous fine branches which, repeatedly subdividing and 
interlacing, contribute to the areolated tissue of the layer. I have 
found this even plainer in the turtle than in the frt>g, in which 

m 

Schultze first described it. The designation "grey nervous layer," 
and others implying a nervous character, are evidently founded on 
error and should be discontinued. The further distribution of the 
fibres differs at the centre and at the periphery of the retin& In 
the former place most of the fibres springing from the inner limiting 
membrane end, in the turtle and tortoises, at the outer surface of 
the granular layer, where another set of vertically radial fibres (which 
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we may distinguish as the outer radial fibres) arises, principally out of 
the areolated tissue of this layer, and to a less extent directly from 
the fine terminal branches of the inner radial fibres. 

These outer vertically radial fibres form a second series of arches, 
and forking acutely, in the same way as the inner fibres, pass through 
the outer-granule layer, to end at the outer limiting membrane. In 
lizards these outer vertically radial fibres arise out of the thin 
stratum of connective-tissue mentioned in the description of the 
inter-granule layer. Towards the periphery of the retina the fibres 
from the membrana limitans interna traverse all the layers and reach 
the limitans externa ; and here the outer fibres, as a distinct set, are 
absent. 

The interstitial tissue, which is essentially identical in structure 
with the granular layer, is continuous with and principally derived 
frt>m the repeated subdivision of the finer branches of the vertically 
radial fibres. It fills the minute spaces between the elementary 
nervous tissues, fixing them in their several layers and preserving 
their stability. It possibly abo insulates them, maintains the dis- 
tinctness of each nervous chain between the cones and rods and 
ganglion-cells, and prevents the lateral discharge of the nervous 
current. 

The Fovea CefUrdUs, and the Ora Retince, — ^Two parts of the 
retina differ so much in their structure from the rest as to require 
separate notice : these are the centre and the periphery or ohl 

The first notice of the existence of the fovea centralis in reptiles 
which I can find is by Knox, in the Memoirs of the Wemerian 
Society, 1823, where he describes very accurately the macula and 
foramen centrale in the chameleon, and says he had also seen it in 
lacerta superdliosay L scutata, L calotes, and L striata. There was 
recently in the Anatomical Museum at Frankfort a preparation' 
of the chameleon's eye with an inscription in Soemmering^s hand- 
writing describing the foramen, which proves it to have been known 
to this great anatomist ; and there are also in the Museum of the 
Hoyal College of Surgeons two old preparations of the chameleon's 
eye (undated, Hunterian ?), which time has spoiled, but which the 
catalogue says are intended to display the foramen. These prepara- 
tions and Knox's memoir were overlooked by later investigators, and 
till very recently it was commonly taught that the macula and central 
fovea were peculiarities of the human retina and of that of some apes. 
In 1862 this error was for ever set aside by H. Miiller's remarkable 
memoir on the chameleon's eye', in which he described with great 
exactness the macula and fovea, and the two sets of vertically and 
obliquely radial fibres here so conspicuously distinct. 

^ Wurzb. NaiumeU, Zttohr, 1862. 
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The large number of chameleons brought to London in 1864 
gave me greater advantages than MuUer, whose only material con« 
sisted of eyes which had been long in chromic acid solutions, and it 
enabled me, while confirming him in every essential point, to make 
out some particulars which he had been obliged to leave undeter- 
mined \ Since then I have found the oblique nervous fibres, and a 
point corresponding to the human fovea centralis, in all the animals 
included in this paper. In the chameleon's retina, where the fovea 
is more developed than in snakes and chelonia, it is a minute, deep, 
circular pit in the inner surface of the retina, at the posterior pole of 
the eyeball. (PL viii.) The centre (bottom) of the pit is a minute 
brown dot encircled by a lighter ring corresponding to the sides, and 
this, in turn, is surrounded by a colourless belt which merges gradually 
into the surrounding parts. The surface slopes in a rapid and uniform 
curve from the border to the bottom of the pit, and declines slowly 
from the border towards the ora retinae, so that the foveal border is 
the most elevated, and the foveal centre the most depressed part of 
the macula. 

The pit is produced by the obliquely radial deflection on all sides 
of the primitive cone-fibres and their prolongations from a point in 
the inner surface of the bacillary layer, and by the peripheral dis- 
placement of the outer and inner granules and the ganglion-cells con- 
nected with the central cones from this point. 

In vertical sections laid accurately through the centre of the 
fovea^ the optic nerve, granular, and inner-granule layers, the plexus 
of cone-fibres which forms the principal part of the inter-granule 
layer, and the inner limit of the outer-granule layer, are seen to bend 
outwards at the foveal border and, rapidly thinning out, to convei^ge 
towards the bottom (centre) of the fovea, where they cease ; only the 
cones, with their diverging primitive fibres embedded in a very thin 
stratum of finely areolated interstitial connective-tissue, occurring at 
this point. Reviewing the layei*s at the macula in their order from 
the outer to the inner surface of the retina, we find first the bacillary 
which contains cones only. These are very long, and so exceedingly 
slender that a superficial unit here contains more of them than at any 
other part, which is evidently connected with the greater visual 
acuity of the retinal centre, since the sensitiveness of a surface is 
proportioned to the number of distinct percipient elements it contains. 
The cones decline slightly in length, and grow slightly stouter from 
the foveal centre to the periphery of the macula; and hence to 
the ora, rapidly for a short space, and then gradually for the remain- 
ing distance, they become much broader^ and shorter. 

^ Cf . a paper in the Pkil. Trans, of the oorrent year. 
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The extreme slendemess of the central cones does not allow the 
appendages to include their outer-granules at this part, and these 
latter being displaced towards the foveal border, the primitive cone- 
fibres passing to them from the appendages must necessarily have a 
correspondingly radial deflection. The result of this displacement of 
the outer-granules belonging to the central cones is a very rapid 
growth of the outer-granule layer in a peripheral direction from the 
foveal centre. It reaches its maximum at the foveal border, where 
the thickness of the layer is very remarkable, then declines slowly 
for about j '", and then thins out rather suddenly towards the ora. 
Succeeding the outer-granule layer, the remarkable plexus of the 
inter-granule layer formed by the cone*fibres begins in the angle 
between the outer and inner-granule layers near the foveal centre. 
Bapidly growing, it reaches its maximum thickness just beyond that 
of the inter-granule layer. The bundles of the plexus are obliquely 
deflected, the innermost least so. 

The inner-granule layer closely approaches the outer at the 
bottom of the foves^ in consequence of the extreme thinness here of 
the plexus just described. At this point it is extremely thin, but, like 
the preceding layers, it quickly grows broader, and it attains its 
maximum a little way beyond that of the plexus. 

The granular layer, and the granular stratum which elsewhere 
separates the optic nerve layer from the membrana limitans interna, 
blend at the foveal centre with the interstitial connective-tissue in 
which the central primitive cone-flbres are embedded. From this 
point the granular layer increases in breadth, reaching its maximum 
at the foveal border, and preserving this nearly to the ora retinae. 
The ganglion-ceUs around the foveal centre lie in a single in- 
terrupted series which halfway between the centre and border of 
the fovea becomes a continuous band of two or three rows, while 
at the border the cells lie four or five deep. The layer of optic 

« 

nerve fibres is not absent, as some have thought, but only very atten- 
uated. It is possible to trace fibres nearly to the foveal centre. 

The connective-tissue fibres traverse the layers vertically as they 
do at other places, but, owing to the curve of the inner surface of the 
retina at the fovea, their direction is not radial from the centre of the 
eyeball. 

The anterior margin, or ora retinse, is not serrated as in man, but 
even. All the nervous elements cease here, but the connective- 
tissues, in a modified form, are prolonged into the ciliary region. 

The cones and rods, which for some distance from the ora have 
declined in length and size, suddenly altogether cease, and the outer 
and inner-granule layers thin out and terminate. Where the bacil- 
lary elements disappear the processes of black pigment prolonged 
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from the choroid in between them also cease ; while the membiana 
limitans externa, approaching the choroidal elastic lamina very 
closely, yet separated from it by the stratum of pigment epithelium, 
runs forward upon the ciliary body. The attenuation of the layers 
towards the ora brings the inner limiting membrane closer to the 
outer, like which it is also produced beyond the ora. The prolonga- 
tions of these two membranes in the ciliary region are separated by a 
very distinct stratum, which in lizards and in the emys ib fibrillated 
vertically to its surfaces, but in the turtle it has a more reticulated 
structure. 

A few horizontal fibres run a little way into this stratum firom the 
granular layer at the ora^ but its vertical fibres are continuous with 
the radial connective-tissue fibres which in the ciliary region lose 
their retinal characters, and become very short and relatively broad, 
especially their inner ends. They are often very regularly nucleated. 
At the tips of the ciliary processes the two membranes coalesce and 
form a single one, from the inner surface of which the stiff fibres of 
the ligamentum saspensorium lentis arise. 



NOTES ON AMYLOLYTIC FERMENTS, by M. Foster, jun., 

B.A., M.D., F.C.S. 

A STATEMENT is often found in text books, that all decomposing ani- 
mal substances have the power of converting starch into sugar with 
greater or less rapidity, and that this power is connected with the 
processes of decomposition. As far as my experience goes, this is 
entirely erroneous. There are numerous fluids in various animals 
which possess this power; but they manifest it as well when fresh, 
i.e. when employed within a few minutes after removal from the 
living body, as during any stage of the subsequent decomposition. 
On the other hand, fluids which do not possess this power when 
fresh, never acquire it by any ordinary process of decomposition. 
Thus human blister-fluid, or the serum of sheep's blood, is powerless 
upon starch when fresh, and equally powerless in all stages of de- 
composition. The substance, called by some mteUin, which is readily 
obtained from the yolk of hens' eggs in a state of great purity with- 
out the use of any possibly injurious re-agents, is powerless on starch 
both when fresh (either as a precipitate or in a saline solution) and 
in all stages of decomposition. Bernard states that when fibrin is 
washed and placed in water, the water in a few days acquires the 
power of converting starch into sugar, and he supposes decomposition 
to have given rise to the power. But fibrin of certain animals, even 
when quite fresh, will act on starch; and in certain animals will not 
act either when fresh or when allowed to remain for any length of 
time in water. Bernard even goes so far as to attribute the amylo- 
lytic power of saliva and pancreatic juice to a decomposition of those 
fluids, regarding them as peculiarly prone to rapid decomposition. 
But in this case, one must extend somewhat the ordinary meaning 
of the word decomposition — ^for sub-maxillary saliva, allowed to drop 
from the duct, through a fine tube, into boiled starch, brings about 
the change into sugar quite as rapidly as when it has been collected 
and allowed to stand for some time. 

Another and allied statement is, that the agent of the change, 
the amylolytic ferment^ (if it is admissible to use that term) is an 
albuminoid body — some product of albuminoid changes. Thus the 
various protein bodies found in saliva have been charged with this 
function, and a form of potash-albuminate or casein, occurring in 
pancreatic juice, has been said to be the active principle of that fluid, 
and hence has been called pancreatine. On this it may be observed, 

1 I hope the very great oonyenienoe of a new term, often amounting to the Baling of 
a sentence, may be considered a sufficient exoose for its introduction. 
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that to none of the ordinary forms of albumin by themselves does 
this power belong. Thus if pancreatic juice, or infusion of pancreas 
be saturated with sulphate of magnesium and filtered, the whole of 
the so-called pancreatine is retained on the filter. Nevertheless, the 
filtrate will be found to have lost a fraction only of its amylolytic 
powers. Again, in saliva, the power does not reside in the mucus 
or in the globulin; for, freed from either or both of these, the fluid 
is as amylolytic as ever. Moreover, in any fluid the power over 
starch is by no means commensurate with the quantity of proteids^ 
present; if there is any ratio at all it is an inverse one. 

If the ferment be a proteid at all, it must be some particular 
distinct form of proteid. That it is a proteid is suggested by its 
occurrence in proteic fluids only, and by its losing its powers at 
about the temperature of the coagulation of various forms of albu- 
min. To prove that it is not a proteid, one ought to be able to 
prepare a fluid possessing strong amylolytic powers and yet giving 
none even of the most delicate proteic reactions (such as Millon's 
and the xanthoproteic). It is very easy to obtain a strongly amylo- 
lytic fluid containing traces only of albumin, e. g. by precipitating 
saliva with acetic acid and ferrocyanide of potassium, filtering and 
neutralizing. But so long as there remains enough albumin to give 
Millon's reaction, one is not justified in denying a proteic nature to 
a body whose powers are, so to speak, out of all proportion to its 
bulk. Cohnheim, following Briicke's pepsin method, has stated that 
when a precipitate of calcic phosphate is produced in saliva, both 
the ferment and the proteids are carried down, an(| that when the 
precipitate is separated and agitated in distilled water the ferment 
is given up to the water, but not the albumin; hence by decantation 
and filtration a strongly amylolytic fluid with no proteic reactions is 
obtained. Upon evaporation, however, or by precipitation with alco- 
hol, a nitrogenous body is obtained. (I must confess to frequent 
failures when working by Cohnheim*s method.) Again, if urine is mixed 
with three or four times its bulk of alcohol, the deposit filtered off, 
washed with alcohol, extracted with cold water and filtered, the fil- 
trate forms an amylolytic fluid often giving no visible proteic reaction. 
Upon concentration by evaporation, however, the reaction becomes 
distinct. The natural deposits of urates (with or without previous 
washing with alcohol) when agitated in distilled water, give to the 
water distinct amylolytic powers; hence an amylolytic fluid without 
proteic reactions may thus be obtained. Further, Cohnheim has 
shewn that the amylolytic ferment is not acted upon by gastric juice. 



^ A term suggested by Mr Hnxley. Its ase of course implies no adhesion to the 
"protein theory." 
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The influence of circwmstaaices on the action of the amylolytic 
ferjnefiJL 

The time required for the conversion of a given quantity of starch 
is proportional to the amount of ferment present; this comes out so 
strongly in all experiments, that the time required for the operation 
may be taken as a measure of the amount of ferment 

The more dilute the solution of stafch employed, the more rapidly 
does a given amount of ferment iwork. Hence, in estimating the 
activity of a fluid, it is requisite to employ not only a given weight 
of starch, but also a given quantity of water. 

The presence of neutral salts (chlorides and sulphates of sodium, 
potassium, &c.), even to saturation of the solution, has no appreciable 
effect. Here is another argument against the proteic nature of the 
ferment. Metallic salts in general arrest the action. Ferrocyanide 
of potassium is innocuous; so likewise iodide of potassium. 

The effect of the addition of acids and alkalis depends upon the 
degree of concentration. Taking a neutral or faintly alkaline reaction 
as the condition of greatest intensity, the effect of an increase in 
either direction, is, first to delay the action, next to suspend it, the 
power returning upon neutralisation, lastly to destroy it altogether. 
Thus to 2cc. of filtered saliva (of known activity) one drop of liq. pot. 
was added; the mixture became inactive. Upon neutrsdisation, the 
activity returned, without having suffered any marked loss. To 5cc. 
of saliva, 5cc. of liq. pot. were added; the activity was entirely and 
permanently lost This effect of either acid or alkali is largely de- 
pendent on time and temperature. 

f 

In the conversion of starch into sugar, is there any consumption 
of ferment? 

To determine this question, I made the following experiment. 
Of a specimen of diluted and filtered saliva lOcc. were added to 
10 grains of starch b|[>iled in 90cc. of water (A), and another lOcc. to 
90cc. of water (B); both were exposed to 35" C in vessels of the same 
shape and size. As soon as all the starch had disappeared from A, 
lOcc. of it were added to 10 grains of starch boiled in 90cc. of water 
(C). At the same time lOcc. of B (together with lOcc. of A well 
boiled in order to destroy the ferment^) were added to 10 grains of 
starch boiled in 80cc. of water (CJ, and also lOcc. of B to 90cc. of 
water (BJ. All three were exposed to 35' in vessels of the same 
shape and size. The appearance of sugar and disappearance of starch 
in C and C^ were noted. When the starch was wholly gone from C, 
a similar procedure was adopted, giving rise to solutions D, D , 

^ This ma done to counterbalance the presence of the sugar in G ; sugar, according 
to Cohnheim, being a hindrance to the action of the ferment. 
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and B,, and the appeaiunce of sugar and disappearance of starch in 
D and Dj noted. And then the procedure was repeated several 
times. I argued that if there were any consumption of the ferment, 
then the series C, D, E, &c., which contained previously used ferment, 
would be slower in their changes than the series C^, Dj, Ej, &a, which 
contained unused ferment, all other conditions being apparently alike 
in both series. I found that tl\e rapidity of change was equal in both 
series ; only, in the last members, where many hours were required 
for the conversion of the starch, the result was slightly in favour, not 
of the latter, but of the former series. This slight, very sHght in- 
crease, I should be inclined to connect with the so-called spontaneous 
conversion of boiled starch. I have reasons for behoving that when a 
solution of recently boiled starch is mixed with a solution of boiled 
starch previously converted into sugar by mere lengthened exposure 
to air, the conversion into sugar is somewhat hastened. 

Thinking that in the above case the amount of starch was too 
small to have a marked consuming effect on the ferment^ I repeated 
the experiments, using 1 oz. of starch in 200o& of water, instead of 10 
grains, but the result was exactly the same. The ferment, therefore, 
is not consumed during its action, unless we suppose that, commen- 
surate with destruction, there is a generation of ferment; an hypo- 
thesis for which there is not the slightest evidence. The {set that a 
given quantity of amylolytic fluid will, sooner or later, convert any 
quantity of starch into sugar is presumptive evidence that, in the 
action which takes place, the ferment itself is unchanged. 

Schonbein has suggested that the catalytic effect of saliva on 
starch is connected with its catalytic power over perc&ide of hydrogen, 
&c. But in truth there is no relation whatever between these two 
powers, as the following experiment among others will shew. To a 
given quantity of water containing peroxide of hydrogen was added a 
small quantity of diluted and filtered saliva of known activity. 
Watched for several hours, the bubbles of gas given off were hardly 
noticeable. It was then divided into two parts. To one a few drops 
of blood were added ; a brisk escape of bubbles took place. The other 
was made to act upon starch ; the ferment in it had apparently lost 
none of its activity. To a like quantity of the same peroxide of 
hydrogen solution a small quantity of sheep's blood was added. A 
brisk escape of bubbles took place. When they ceased to be given off, 
more blood was added ; but no further bubbles were seen, shewing 
that the peroxide was exhausted. The mixture had no effect what- 
ever on starch. 

On the distribtUion of ike amylolytic ferment. 

Besides the salivary and pancreatic bodies, and their secretions, there 
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are also other fluids and tissues containing ferment \ Thus in certain 
animals the liver and the blood are amylolytic. It has been supposed 
by many that in the liver the ferment is seated in the blood and not in 
the hepatic tissue ; but, I venture to think, erroneously. liver, after 
the blood has all been washed out by a stream of water, is amylolytic. 
This however is not a conclusive argument, since the ferment may, in 
the process of injection, have been carried through the coats of the blood- 
vessels into the tissue proper. The following experiment is free from 
such objections. A portion of Uver was bruised in a mortar, treated 
with cold water and filtered. A portion of the blood of the same 
animal (a rabbit) was diluted until it and the liver infusion were of 
such a colour as to justify the inference that both contained the same 
amount of haemoglobin and therefore of blood. On trying both with 
starch, the liver infusion was found to be by far the most strongly 
amylolytic. Had the ferment of the liver belonged to its blood only, 
the two solutions would naturally have been equal in power. Portal 
blood, moreover, in the rabbit, at least in one case in which I tried it, 
was less amylolytic than the blood of the inferior vena cava. Grohe has 
observed that chyle is amylolytic, and I have always found pericar- 
dial fluid to be strongly so. I have also obtained decided action with 
pleural and peritoneal fluid. Lymphatic gbnds however seem inert 
Cohnheim and Bechamp have shewn the existence of amylolytic 
ferment in perfectly fresh filtered urine. It is sufficient to neutralize 
the urine in order to demonstrate this effect; but the ferment may be 
approximately isolated by the calcic phosphate process, or by treating 
the urine with four or five times its bulk of spirit, collecting, washing 
with alcohol, and drying at a low temperature the deposit, then treat- 
ing with cold water and filtering. The filtrate is strongly amylolytic. 

The origin of this urinary ferment is a matter not without 
interest. B^hamp thinks that the kidneys produce the ferment, but 
brings forward no facts to support his views. An infusion of kidney, 
moreover, is but very slightly amylolytic. An infusion of urinary 
bladder is strongly amylolytic, and it might be supposed that the 
urine during its stay in that organ absorbed ferment ; but the amy- 
lolytic power of urine does not vary with the length of time the 
water is held before being passed. 

The following facts seem to indicate that the urine is merely 
a channel for the excretion of a certain amount of the ferment con- 
tained in the blood. The amount of ferment in urine is increased 
after meals ; that is to say, one hour's urine passed after food has 
been taken acts more rapidly on a given quantity of starch than one 

1 Whether the ferment in all these parts is identical can he determined only when 
we are able to recognize the ferment by some other featores than its amyl<^ytic 
powers. 
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hour's urine passed while the stomach is empty, care being taken of 
course to avoid the influence of changes of reaction. In man both 
blood and urine are amylolytic ; in the pig and in the rabbit the case 
is the same. In the sheep however the urine has an exceedingly 
feeble amylolytic action ; in the sheep too the action of |he blood (be 
it serum or clot, or both) is almost nil. Starch may be exposed at 
35*^0 with sheep's blood for many hours and yet not more than a 
small fraction of it will be converted into sugar. The contrast 
between the pig and the sheep in this respect is very marked. While 
throughout the pig's body the ferment is not only widespread but 
exceedingly active, in the sheep's body, on the contrary, its presence 
seems to be practically limited to the pancreas and liver. This 
distinction, moreover, cannot be traced to any difference of food or 
circumstances of life or mode of death. In the human body the 
amount of ferment in the urine when a vegetable diet is used seems 
to be about the same as when under an animal diet. At least three 
days' trial of each made no difference. 

Since pig's blood, when shed, is strongly amylolytic, while sheep's 
blood is not, it is evident that in the living blood-current of the pig 
there must be either a ferment actually existing as such, or a par- 
ticular substance which is potentially a ferment, inasmuch as it 
becomes a ferment immediately that the vital equilibrium of the 
blood is destroyed by removal from the blood-vessels. The parallel 
absence and presence of ferment in the blood and urine of the pig 
and the sheep, while they suggest the blood as the source of the 
urinary ferment, also indicate that the condition of the ferment in 
the blood is actual and not merely potential. 

Schiff (Robin's Journal, in. No. 4) argues that the blood, so long 
as it circulates through the living blood-vessels, contains no ferment, 
but that, directly stagnation occurs, a ferment is developed He is 
also of opinion that the ferment which converts the glycogen of the 
liver into sugar is provided by the blood. I have already shewn 
reasons for thinking that the hepatic ferment is contained or concen- 
trated at least, even if not generated, in the hepatic tissues, and is 
not a gift of the portal blood, nor of that of the hepatic artery. The 
inviolability of starch-granulose injected into the blood-current is 
quite intelligible on the hypothesis of a "vital" inhibitory influence 
similar to that which prevents the coagulation of the blood &a; 
and the appearance of sugar in the urines, and the increase of 
sugar in the livers, of animals whose limbs have been ligatured, may 
be perhaps attributed to the other effects of the ligature rather than 
to the stagnation of the blood. The mere application of a tourniquet 
to the human arm for half an hour will produce modifications of the 
urine (which I have not yet studied) before the loosing takes place. 
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and therefore before the blood, altered as sappoeed by stagnation, 
can have had opportunity to work upon the organism. 

That the disease diabetes is due not to any excess but rather to 
some modified action of ferment, seems to be indicated by the fact that 
in six cases examined by me, comprising most of the chief types of 
that malady, the amount of ferment passed in the urine per diem in 
no way exceeded that passed by persons in health. The blood of a 
diabetic person moreover was found to be not more amylolytic than 
that of one in health, which it ought to have been, had the specimen 
contained, according to SchiflTs theory, besides the ferment due to its 
own decomposition, a quantity which it^ when shed, was bearing from 
other parts of the economy. 
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ON THE NATURE OF RIGOR MORTIS, 5y R Norms, KD. 
Lecturer on Anatomy and Physiology at Qtieen's College, 
Birmingham. 

The following paper on the nature of rigor mortis wias jpead at the 
ISirmingham Meeting of the British Association, Sept. 1865, and was 
the subject of a grant. The consideration thus accorded led to a 
more eictended series of investigations, which were laid before the 
meeting at Nottingham in August last, in the form of a paper 
Entitled ^'Researches on Muscular LrritabiUty, and the Relations which 
exist between Muscle, Nerve, and Blood." This latter contribution 
will, in all probability^ appear in the succeeding number of this 
Journal. 

This papa: has for its object the refutation of the commonly 
received opinion of physiologists in regard to the nature of rigor 
mortis, or cadaveric rigidity, viz. that it is the result of muscular con- 
traction. 

The plan I propose to adopt is to support by experimental proof 
the three following propositions: 

Pbop. L 

If in any animal there exists, at any given period, a tendency to 
universal muscular contraction there will necessarily be a redispo- 
sition of the limbs in favour of the most powerful series of muscles^ 
be they flexors or extensors. 

Prop. II. 

Contraction and shortening, as applied to muscles, are synony- 
mous terms. If any muscle, having its attachments perfect, becomes 
shorter, in however slight a degree, it will, if wnopposed, iQvolve a 
relative redisposition of the osseous structures to which it is at- 
tached; if in a limb, the position of the limb will be altered. 

Prop. HI. 

Contraction and the presence of irritability being inseparable 
associations, it follows that if, in some cases, irritability is absent for 
a long period prior to the supervention of rigor mortis, the latter 
cannot be regarded as a contractor. 

In respect to the first proposition there are many ways by which 
the entire muscular systems of some animals may be thrown into 
convulsive contraction, either permanent or intermitting in its cha- 
racter. The frog is an animal well adapted by its anatomical con- 
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straction to exhibit extremes in nxiiacalar contortion, inasmucli as 
the extensor muscles highly preponderate in the hind extremities— 
an arrangement adapted to the acts of leaping and swimming. Now 
i£hj any means the entire muscular system of this creature is made 
to tend to contract, we get the hind limbs rigidly extended. If, e.g. 
we place a frog under the influence of strychnia, it is not simply the 
extensor muscles which are tending to convulsion during the spasm. 
The extension of the limbs in this case is simply the result of the 
preponderance of extensor power in the hind extremities; for i^ 
before exciting the nervous system with strychnia, we divide the 
extensor tendons, the corresponding flexor muscles will be thrown 
into convulsive spasm and, as a consequence, the limbs will be 
powerfully flexed. Idio-muscular contractions of a permanent cha* 
racier have been long known to be producible in frogs by extremes 
of temperature as high as 130^ or as low as 25** Fahr. 

I have myself discovered that many vapours, among which chloro- 
form, ether, and bisulphuret of carbon stand out most prominently, 
possess the property of exciting permanent contractions in the 
muscles of the frog, of as powerful a character as the most extreme 
neuro-muscular action of strychnia. As in thermal tetanus, these 
latter phenomena depend for their existence upon an action directly 
exerdsed upon the muscular tissue, as is demonstrated by isolated 
muscles being as readily influenced when exposed to these vapours. 

All examples of general muscular excitation, whether mduced 
indirectly through the nerve (neuro-muscular) or directly by effects 
upon the muscular tissue (idio-muscular), produce the same arrange- 
ments of the limbs in obedience to the strongest set of muscles, which 
in the hind limbs of the frog are the extensors; but if in the hind 
limbs the extensor tendons be divided, in any of these cases the limb 
will be as forcibly flexed as it otherwise would have been extended. 
In all these cases, therefore, the weaker muscles are powerfully 
stretched and their elements ruptured; inasmuch as they are com- 
pelled to contract contemporaneously with their stronger rivals, so 
that they are extended by sheer force at a time they are powerfully 
tending to contract. 

In contradistinction to these undeniable cases of muscular con- 
traction we have in Co' an agent which favours, or produces, simple 
rigidity. If frogs be kept for varying periods in Co* they will be 
found to become rigid, but with the peculiarity that no contortion of 
redisposition of the limbs occurs, the muscles becoming fixed in the 
position they occupied on the cessation of voluntary movement by 
the animal This condition is essentially different to that induced 
in the former cases. 

Now, it has not only been contended that rigor mortis is muscular 

8—2 
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contraction, but that it is ^ most energetic form of muscular con-* 
traction. On this head Valentin remarks^ to the following effect 
^'In the dead bodies of most animals three conditions of the muscular 
substance succeed each other. There is first a space of time during 
which the muscles retain a greater or smaller residue of their vital 
activity, or of their capacity of contracting under proper stipuulL 
They next experience an extraordinary contraction which gives rise 
to that peculiar phenomenon called the rigor mortis, or the stiffening 
of death. Finally, as putrefaction advances, the muscular substance 
softens and dissolves with more or less rapidity. Dr Radcliffe {Leo- 
tares on Epilepsy) urges that the state of elongation should be 
regarded as the really active condition of muscular fibre, in which 
all its vital properties and peculiarities are most strongly marked; 
whilst the state of contraction is due to its being left to the influence 
of the attractive forces inherent in its molecules, the m^ost energetic 
operation of which is seen in the rigor m^yrtis," If this be so, why 
is it, I ask, that no redisposition of the limbs takes place in rigor 
mortis, after the fashion of the model cases of universal muscular 
contraction which I have laid before you? In these cases there can 
be no doubt that we have examples of energetic muscular contraction. 
The following experiment will illustrate the effects of rigor 
mortis as observed in the frog in contrast to real cases of con- 
traction in the same animal, May 23, 1863. A female frog, which 
had died in the act of spawning, exhibited in the hind extremities 
no susceptibility to galvanism; but the muscles were in a relaxed 
and flaccid state, i.e. could be easily flexed or extended. From 
their insusceptibility it was apprehended they would soon pass 
into the state of rigor; and one limb was placed in the extended 
and the other in the flexed position. These limbs became rigored, 
but remained in the position in which they were placed. No 
redisposition of the limbs occurred in favour of the strongest sets 
of muscles, which should have been the case if rigor mortis is a 
contraction. I have seen numbers of frogs in a state of rigor 
mortis; but I never in a. single instance observed any spontaneous 
rean*angement of the limbs as in the examples of true contracr 
tion above cited. Again, in respect to warm-blooded animals; in 
the hind limb of a mouse the following phenomenon was observed. 
The extensor muscle of the foot became rigid, i.e. could not be 
stretched or elongated ; while the opposing flexor could still be 
easily extended, that is to say, the foot could be brought into a 
right line with the leg, but could not, on the other hand, be bent 
to more than a rectangle. The flexor muscle did not become rigid 

1 Valeutin'B Text Book of Physiology, \tj Biinton, p. 874. 
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for an hour after. Now if the state of rigor in the extensor had 
been the result of contraction, inasmuch as it was unopposed by 
any corresponding rigidity of the flexors, it must have resulted in 
an extension of the limb, which was not the case. The state of 
rigor, as exhibited in this extensor muscle, can only be regarded 
as an incapacity on the part of the muscle to be stretched or 
elongated ; that is to say, rigor mortis had suspended the eatensibility 
of the muscular structure, nothing more. When this occurs in 
antagonizing muscles it of course produces complete fixation of the 
osseous structures to which the muscles are attached, which is the 
phenomenon of cadaveric rigidity. The rigid condition induced in 
the frog by prolonged immersion in Co' appears to be identical 
with rigor mortis, and to have nothing in common with the ex- 
amples of contraction induced by extremes of temperature and 
exposure to setherial vapours. 

Prop. IL 

We come now to the experimental verification of our second 
proposition. 

A vigorous frog was immersed in Co'. In about an hour it 
was removed and found to be dead. The muscles still retained 
their susceptibility to mild galvanism. The entire body was ex- 
ceedingly flaccid; i.e. the relaxation of the muscles was perfect. 
As a means of comparison I separated the hind extremities from 
the body and divided them from each other, of course retaining 
the bony structures to which the muscles of the thigh were attached. 
I now galvanized the muscles of one limb in every part till the 
irritability was entirely exhausted; and no further contraction, 
however slight^ could be produced. The other limb remained per- 
fectly irritable. The muscles which had had their irritability de- 
stroyed remained in a perfectly relaxed state ; in this respect there 
was no difference between the two limbs. The irritability of the 
galvanized limb was destroyed at 6.15 P.M. I now divided the 
extensor tendon of the foot of this limb and placed it in the ex- 
tended position to await the accession of rigor. The extensor 
tendon of the irritable limb was also divided. At 8.25 P.M. there 
was no return of the slightest irritability in the galvanized limb, 
but there seemed to be slight evidence of commencing rigor ; for 
if both limbs were held up perpendicularly, so that they might 
be flexed by the simple act of gravity, the knee-joint of the non- 
irritable limb did not become flexed to the same extent as that 
of the other limb. The extensors on the thigh were therefore 
becoming flexed. On repeating this observation at 10 P.M., the 
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knee-joint did not bend at alL It is important in this connection 
to observe that two hours intervened between the destruction of 
the irritability and the first evidences of rigor mortis. Both Umbs 
were now set aside till morning; the one in which the irritability 
was destroyed was placed, as before, perfectly straight, the other 
in the flexed position. At 8 A.M. next morning the limb in which 
the tendo Achillis was divided was found straight out as when 
left. The other limb had become rigored in the flexed position in 
which it was placed. 

A second frog was kept in an atmosphere of Co' for o^ hours ; 
after which it was found, by the application of powerful magneto- 
electricity, that all irritability was destroyed. In spite of the absence 
of irritability, the whole muscular system was unusually flaccid and 
relaxed. I cut the flexor tendons of the one foot of this frog and 
left the foot in the flexed position to test the effect of rigor upon 
the extensor. At 4 o'clock the next day, after an interval of 20 
hours, the muscles were in a state of rigor; but no alteration or 
redisposition of the limbs had taken place ; the foot in which the 
flexors were cut was not extended in the slightest degree. 

In applpng this mode of research to warm-blooded a.nimalH an 
obstacle is presented. The opposing muscles of the extremities, by 
virtue of their elasticity, are so arranged a^ to exercise a balancing 
strain upon each oth^, and so maintain a state of mutual extension. 
In consequence of this arrangement section of their tendons at once 
results in a redisposition of the limb. On dividing the. flexors the 
foot becomes extended to nearly a right line with the leg, or, on 
section of the extensor tendon, is flexed to a rectangle ; and, as in 
muscles, there is both a primary and secondary retraction due en- 
tirely to elasticity. It would be impossible to ascertain what belonged 
to elasticity and what to rigor. 

Under these circumstances one method which has suggested itself 
is that of inducing rigor mortis prematurely in certain sets of 
muscles by a rapid destruction of the irritability by galvanism. In 
this manner rigor mortis may be induced in certain sets of muscles 
Long anteriorly to its natural accession in others, in fact, while the 
irritability and extensibility of their antagonists remains perfect 
Under such conditions, if rigor be a contraction, the limb should 
become flexed or extended as the case may be; whereas I have 
repeatedly proved by experiment that no modification of position 
occurs. 

Prop. III. 

This proposition asserts that, contraction being impossible in the 
absence of irritability, the occurrence of an interval between the 
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cessation of irritability and the superventioQ of rigor mortis proves 
that the latter cannot be a result of contraction. The evidence of a 
prolonged interval between the annihilation of irritability and the 
accession of rigor is contained in the preceding experiments, in 
irhich complete relaxation of the muscles obtained for several hours 
subsequently to the destruction of the vital property of irritability. 

In reviewing the whole of my experiments, of which I have been 
able to give only a few illustrative ones, I am led to the conclusion 
that rigor mortis is not an affection of the vital property of irrita- 
bility in muscles, and therefore cannot be regarded as vital contrac- 
tion ; on the contrary, that it is some peculiar alteration in muscular 
tissue which leads to immobility of its constituent elements, and 
which, so long as it is present, suspends or interferes with the proper- 
ties of elasticity and extensibility in muscle ; but that the phenome- 
non of rigor mortis is owing to the temporary suspension of the 
latUr quality alone, for it is eaefy to understand that if antagonizing 
muscles are rendered incapable of elongation the limb must become 
fixed. 

The circumstances which lead to this non-extensibility or rigidity 
in muscle cannot, I think, receive a better exposition than that of 
Brticke and Eiihne, viz. that it results from the coagulation of a 
material contained in the interfibrillar juices of the muscles. If 
this be correct, the restoration of the elasticity and extensibility of 
the muscles, and consequently of mobility of the limbs, at the com- 
mencement of putrefactive changes, may receive an easy explanation 
by the hypothesis that these changes first commence in this recently 
coagulated fluid and restore it to a liquid condition, and thus liberate 
the muscular elements from their state of bondage. 
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The pride that British anatomists, and indeed the British public, 
feel in the name of Owen is not likely to be lessened by the two 
volumes of Comparative Anatomy which he has just given us. To 
no man of our time is anatomy so much indebted as to Owen. Ex- 
tending his labours over nearly the whole field he has turned up 
new facts in almost every direction, and has also greatly enlaiged 
its area. Digging deep into the annals of the past he has told us, 
perhaps more than any other man, of the denizens of palseontological 
eras; and his application of deductive methods to ascertained facts 
is so known and relied upon that searchers in all quarters of the 
world look to him to unravel the puzzles that fall in their way. His 
lucid exposition, attractive style, and willingness to unfold his vast 
stores of knowledge for the benefit of others, have admitted the pub^ 
lie to the mysteries of Anatomy, and contributed greatly to foster 
the gro¥dng interest in the science. The nation feels that its great 
zoological collection is rightly entrusted to his care, and rejoices in 
the marks of favour which the Sovereign has shown him. It is, 
however, by steadily carrying out the sentiment, "Every kind of 
anatomy ought to be so pursued as to deserve the epithet Philoso- 
phical\'' that his reputation has been chiefly won. Dragged down 
and kept down as anatomy was, and still too much is, to a practical 
diploma-getting standard, and regarded, as it has ever too much 
been even by its teachers, as a pathway to hospital appointments 
and guinea-making, it is quite a relief to turn upon one who, com- 
mencing ad a medical student, early abandoned the ordinary aims of 
the profession, devoted himself to pure science, and using as stepping 
stones, first, St Bartholomew's Museum, then the Museum of the 
College of Surgeons, and, lastly, the British Museum, has risen and 
carried his science with him into the regions of Philosophy; and has 
laboured, not unsuccessfully, to draw others after him, and to show 
that the most patient observation of facts may be, and ought to be, 
associated with generalizing deductions as to the great schemes of 
creation. 

^ Prrfaee, p. viL 
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The all-impressing steam-rate of the present generation places 
the man of science in a position somewhat different from that of his 
predecessors. His heels are dose pressed upon by others urging 
rapidly along in the same course, and ready, probably eager, to mark 
the slightest stumble and trip him up. The works«and opinions of 
Hunter, linnseus, and Cuvier — ^and the remark is still more appli- 
cable to their predecessors — ^were less extensively known and less 
sharply criticised in their own day than would have been the case 
now. Reputation, more slowly won it is true, was less challenged 
and less easily overthrown; and time has shed a halo of respect over 
their memories, which jealousy has no temptation to disperse. The 
scientific edifices which they reared were scarcely assailed till after 
their death; and then the spirit of the assailant is chilled by the 
want of a living counter-spirit of defenca Now-a-days a man must 
expect his productions to be instantly pounced upon, turned this 
way and that, examined through and through, with the penetrating, 
artificially-aided eye of his compeer, and criticised with the warmth 
of a compeer, perhaps, with the asperity of an adversary. He must 
be prepared to pay this penalty for the increased facilities of inves- 
tigation and publication which modem inventions have given to him 
and to others. The credit of a discovery or an opinion must rest 
upon its own individual merit, not upon the respect which may, for 
other reasons, be due to its author. The more it is foisted upon the 
latter the stronger will be the tendency and the necessity to bring 
satire and personal remark into the field, and to use other weapons 
than those of legitimate argument. 

We make these remarks because they have some bearing on the 
controversy which is hinted at in the preface, and which has at- 
tracted so much attention that it cannot be passed over, svb silentio, 
in a review of this work, though we would gladly have done so. 
Twenty years ago Professor Owen stood almost alone, facile princeps. 
His word was law; and anatomical science was bound by his spell. 
This was a natural result of his unwearied labour added to his 
powers of retention, generalization, and exposition; but it was a 
position not imattended with disadvantage to himself, to his science, 
9nd to his fellow-workers. A too ready and unquestioned acceptance 
of his views is one of the greatest dangers and misfortunes that can 
befall a man of science; and though the evils resulting from it have 
been less experienced in the case of Professor Owen than they would 
have been with most other men, it has not been without its ill effects. 
Banging as he has done over so wide a field of anatomical science, 
contributing by his original investigations to our stock of knowledge 
in almost every direction, labouring to improve our views of the 
classification of the animal kingdom and to advance the studies of 
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kcHftology and paleontology^ it were passing strange if a rising, hard- 
working, quicksighted and eager band of anatomists could not detect 
some flaws in his works, some vidnerable point, if only the heel of 
the hero, and should resist the temptation to place an arrow thera 

Such a point was no doubt presented in the Sir Robert Bede's 
lecture delivered in Cambridge, on the Classification and Oeographical 
distribution of the Mammalia, p. 25, by the following sentence: 

'^ In Man the brain presents an ascensive step in development; higher 
and more strongly marked than that by which the preceding sub-class was 
distinguished from the one below it* Not only do Ihe cerebral hemispheres 
overlap the olfactory lobes and cerebellum, but they extend in advance of 
the one and further back than the other. Their posterior development is 
so marked that anthropotomists have assigned to that part the character 
and name of a ' third lobe :' it is peculiar and common to the genus Homo: 
equally peculiar is the ^posterior horn of the lateral ventricle' and the 
' hippocampus minor/ which characterize the hind lobe of each hemisphere ^ 
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Whatever view may be taken of the desirableness of regarding 
^the Homo as not merely a representative of a distinct order, but of 
a distinct subclass, of the Mammalia, for which I propose the name 
of Abchencephala" (p. 26), it was unfortunate, to say the least of it^ 
that mention was made of the presence of the 'posterior horn of the 
lateral ventricle' and of the 'hippocampus minor' as among the dis- 
tinguishing characteristics which mark off the subclass from the rest 
of the animal kingdom. True, it is not clear that any great stress 
is laid on them; and, at pp. 49 and 50, where man's claims for ordinal 
distinction are set forth at greater length — ^the erect stature, the 
bipedal gait, the mental powers associated with extraordinarily de- 
veloped brain, the unopposable hallux, the short broad pelvis, the 
widely separated shoulders, the hand of matchless perfection of struc- 
ture, &;c. — no mention is made of the posterior horn of the cerebral 
ventricle or its hippocampus. The distinctive features seem to be there 
regarded as quite sufficient without them; and one would have 
thought our author might have been content to let them go and to take 
his stand without them, as soon as it was shown, and clearly shown 
as it has been, that they cannot be regarded as characteristics at ally 

^ In VoL n. p. 973, the above sentence is repeated with some modifioatioBy thos: 
** In man the brain presents an asoensiye step in development, higher and more strongly 
marked than that by which the preceding subclass was distinguished from the one below 
it. Although in the highest Gyrencephala the oerebrum may extend over the cerebellum, 
in man not only do the cerebral hemispheres overlap the olfactory lobes and the cerebellum, 
but they extend in advance of the one and further back than the other. Their posterior de- 
velopment is so marked, that anatomists have assigned to that part the character of a third 
lobe; it is peculiar, with its proportionally developed posterior ventricular honi and 
'hippocampus minor,* to the genus Ifomo," The figures (148 — 149) of the brain of the 
*orang-8Btan* show a greater overlapping of the cerebellum by the cerebrum than does the 
figure of the ohimpanzee*s brain (7 in the ' classification'). 
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Indeed, that they are features of greater relative prominence in some 
others of the mammals than they are in man. There would have 
been then no need of a controversy which we have witnessed with 
regret, and no need of the peculiar train of argument in the preface 
of the present work (xvi to xxi), which would seem to have for its 
object to prove that the presence or absence of a given feature or 
structure may be taken as a zoological character irrespective of its 
being an anatomical fact. 

coiffov Toi Kav Ktucok, a heh (f>pop€VP. 

Indeed the main defect in the present volumes arises from the 
circumstance that the author has not taken sufficient account of the 
views and observations of others where they have differed from his 
own. It is not to be supposed that they are invariably wrong and 
that he has invariably been right. Tet the latter assumption is rather, 
too prominent; and the author stands boldly and unswervingly on 
his own premises, however they may have been disputed or even 
disproved, and reasons from them almost as axioms. This detracts 
unquestionably somewhat from the value of the work and the plea- 
sure felt in its perusal For instance, the connection of the scapular 
arch and the upper limb with the occiput of the archetypal skeleton, 
which is unhesitatingly maintained, although such a view now finds 
few advocates, and, although, it is remarkably at variance with many 
facts and with figures (30 and 63) in the present work, of the dog-fish 
and the sea-hound in which the scapular arch is seen to be distanced 
from the skull by a series of branchial arches suspended from the 
anterior vertebrae of the trunk and intervening between it and the 
hyoidean arch. The adoption of this view, to which the Professor so 
pertinaciously adheres, is only to be explained on the supposition 
that he was early impressed by the study of the skeleton of the 
osseous fishes, so that he came to regard it as typical, and that his 
ideas, being first cast in that mould, have resisted all the remodelling 
which more extended observation might have given them. Yet we 
find him speaking of the 'bony fishes' as ''the more specially de- 
veloped and divergent cold-blooded vertebrates" ; and, in accordance 
with the plan adopted in the work of ascending from the more sim- 
ple to the more complex, the description of the skull in them is 
given after that of the 'cartilaginous fishes' and the ' batrachians.' 
Equally subject to objections which have not been answered, per- 
haps, because they are unanswerable, are the homological adjustment 
of certain of the cranial bones, especially the mastoid and squamous 
parts of the temporal, the basi-sphenoid, the components of the pre- 
frontal vertebra, and the mandibular and hyoidean arches, 

A valuable work, nevertheless, it is, a work to be read and read 
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again and long to be referred to, a work of which we may all be 
proud and all profit by, and which will take and retain its place 
among the best standard works of science. 

An interesting illustration of the bearing of palaeontology upon 
anatomy and of the mode in which the one elucidates and supple- 
ments the other is found in the following paragraph, p. xxxi. 

'^ A corresponding modification of the caudal vertebrsB prevails in 
neozoic birds; but the embryos of the existing species show the terminal 
vertebrsB distinct, in a tapering series, before they are massed into the 
'ploughshare bone;' and such, doubtless, was the law of development in 
all the extinct species which have left tertiary omitholites. But the ear- 
liest and as yet sole evidence of the fossil dceleton of a mesozoic bird 
shows the retention of the embryo condition, with ordinary growth of the 
vertebrae." 

In the concluding part of the preface Prof Owen expresses 

^< every disposition to acquire information and receive instruction as to how 
species become such," 

dilates to some extent in 

'' the operation of natural law or ' secondary cause' in the succession and 
progression of organiied species," ajs illustrated by ''the unity of plan un- 
derlying the diversity of animal structures, and by the determinations 
of special and general homology ; by the discovery of the law of ' Irrelative 
repetition ;' by observation of the analogies of transitory embryonal stages 
in a higher animal to the matured forms of lower animals; and by the 
evidence that in the scale of existing nature, as in the development of the 
individual, and in the succession of species in time, there is exemplified an 
ascent from the general or lower to the particalar or higher condition of 
organism." 

He remarks that the wings of the New Zealand birds {Dinomis 
Apteryx, &c.) 

''like the eyes of the cavern fishes and crustaceans would seem to have 
degenerated for want of use;" 

while 

*^ their legs, by which locomotion was exclusively exercised, have gained in 
strength and size." 

He observes that if 

'' conditions change, then the variety of the species at an antecedent- date 
and state of things may become the type-form of the species at a later date, 
and in an altered state of things." 

He shows no a priori objections to Mr Darwin's exemplifications of the 

''reciprocal influence of external conditions and inherent tendencies to 
variety in carrying on, as he believes, the deviations from type to specific 
and higher degrees of difference." " All these, however, are conceptions 
of what may have, not ob8ei*yatLons of what have, originated a species* 
Applied to the structure:) which differentiate Troglodytes from HomOy or 
Chiromya from Lenw/Ty they are powerless to explain them." 
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He is still compelled therefore, as in 1849, to confess ignorance of the 
mode of operation of the natural law or secondary cause of the suc- 
cession of species on the earth. 

** But that it is an ' orderly snooession,' or according to law, and also * pro- 
gressivey* or in the ascending ooarae, is evident from actual knowledge of 
extinct species.'* 

These remarks seem to indicate the true philosophic spirit, 
hecause the unprejudiced one, in which this interesting and difficult 
question should be approached. The very fact of an enquiry into 
the causation of species, presenting, as it does, to the minds of some 
the^ nature of forbidden ground because they have seen or thought 
they saw in its discussion a disposition to lower the estimate of 
creative power, has given it a sort of fascination over the minds and 
the judgments of others and has imparted unusual warmth to the 
discussions upon it. Under such circumstances a fair consideration 
of its real quality is scarcely to be expected. It assumes the charac- 
ter of a party question, with a religious tinge, and loses propor- 
tionately in scientific merit. Professor Owen views it, if we understand 
him aright, as a question not to be suppressed by a veto of imaginary 
religious feeling, but as affording a legitimate ground for careful 
investigation and rational induction, free from prejudice on the one 
hand or hasty assumption on the other. In this we entirely agree 
with him. As nothing can be more damaging to religion than the 
making it a stumblingblock to science and the expressing of un- 
worthy apprehensions of science and scientific men, so nothing is 
more detrimental to science than the indulgence in hasty generali- 
zations and crude assertions upon a subject which is confessedly one 
of extreme difficulty and in which religious feeling is, rightly or 
wrongly, found to be involved. Perfectly ready, almost longing as we 
may be, to welcome information as to the origin of species, and 
believing that evidence as to the mutation of species and the 
working of secondary laws in forming the steps of that great ladder 
which commences in mineral atoms and culminates in man would 
lead us to higher conceptions of creative power than we now have, 
we are nevertheless compelled to sympathize with Professor Owen's 
confession of ignorance on this head. Interesting speculations there 
have been ; and much they have done to familiarize men's minds with 
the idea of operations through intervening law, instead of being easily 
satisfied with constant reference to direct agency : still they are little 
more than speculations. An insight into the law and a knowledge 
of the manner in which the end is accompjiished seem almost as 
distant as ever. 

The following passage on the nature of limbs bears upon this 
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qaestion and is a fair specimen of the author^s style and mode of 
viewing such subjects. 

'' The tadpole affords a significant example of the transmutation of a 
natatory to a saltatoiy type of hind-limb, irrespectiye of efforts and exer- 
daes through successive generations producing and accumulating vauH 
changes, and independently of any selection by nature of such generations 
as were enabled, through the accidental variety of a slightly lengthened 
hind-limb, to conquer in the battle of life, and to transmit the tendency 
towards such disproportion to their posterity. 

^ If the lav by which so much of the change of structure adapted to 
terrestrial life takes place in the active independent aquatic animal be 
a mystery, and seeming exception, it does not the less impress the believer 
in the derivative origin of species with the idea of unseen and undiscovered 
powers, that may operate in producing such result^ ' according to a natural 
Law or Secondary Cause.' '* • 

In the chapter on the eggs of birds we find the following: 

''The main function of the chalazie is to keep the yolk more steady in 
the albumen, and to moderate the effects of any violent movement or rota- 
tion of the egg. The domed form of the hard shell enables it to bear the 
superincumbent weight of the brooding mother. How these modifications 
of the oviparous egg in anticipatory relation to the needs and conditions of 
incubation can be brought about by 'selective' or other operations of an 
unintelligent nature is not conceivable by me." 

The present volumes are a continuation of the summary of the course 
of Lectures on Comparative Anatomy and Physiology delivered in the 
theatre of the Royal College of Surgeons between the years 1843 and 
1854. The part of the course (Vol. I.) on the Comparative Anatomy 
and Physiology of the Invertebrate animals was published in 1848 
and went through a second edition in 1855. In 1846, VoL IL 
appeared containing the Lectures on Fishes as the first part of the 
course on the Comparative Anatomy and Physiology of the vertebrate 
Animals. Volume I. now issued includes Fishes and Reptiles, and 
is therefore to a considerable extent a reprint of the Vol. II. before 
^ven; indeed in the parts relating to Fishes it is so almost entirely. 
We think therefore it would have been better and more acceptable to 
the student if the whole course on Invertebrate as well as Vertebrate 
animals had been issued together a£ one continuous treatise. Perhaps 
in a future edition this may be done. Other portions — those on 
Birds, Monotremes and Marsupials have already appeared in the 
Cyclopedia of Anatomy and have not imdergone much alteratioiL 

The primary division of Vertebrates into ffcBtrmtocryai, or cold- 
blooded — ^including Fishes and Reptiles, — ^and ffcemoitothermal, or 
warm-blooded — including Birds and Mammals, — ^is adopted because 
it suits the author^s purpose. 

Perhaps it will bear scrutiny as well as any other; for the higher 
temperature of the 'hsematothermals' is not merely an expression 
of greater molecular changes, but is associated with difference of 
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eharacter in most of the important oigaiis and systems, as indicated 
in the beginning of Vol. IL — ^in the greater quantity of the blood 
and the greater proportion of its organic principles and its greater 
depth of colour, in the four*chambered heart with distinct pulmonary 
and systematic circulation; in the spongy lungs; in the greater 
proportionate mass of the nervous system, and especially of the 
preoephalon ; in the deeper colour and the longer and more energetic 
contractions of the muscular fibre. The blood of the ' haematocrya' 
is "cold or with a temperature rarely above that of the surrounding 
medium;" that of the 'haematotherma' is from 106* to 112* in birds, 
105' in the whale, 100^ in man and other mammals. The loss of 
temperature during hybernation — ^that of the bat &lling as low as 
40* — ^need not be regarded as an exception, the animal being then 
m^ntained only in a potential condition. 

The four great classes Pisces, Reptilia, Aves, Mammalia, are 
retained as distinguished from one another by the broad and well 
marked characters afforded by the respiratory system, without dis- 
tinguishing the Amphibia as a separate class as is done by Prof, 
fiuxley and some others. This we think is, on the whole, wise, inas- 
much aB the miiltiplication of classes is not desirable ; and we have 
never felt that the peculiarities of Amphibia are sufficient to justify 
their complete separation from Reptilia. It may however be re- 
marked, in passing, that the sort of correlation of lungs and feet 
ni^itioned at p. 5, is scarcely borne out by the characters of the 
limbs in cetaceans and ophidian& In short, the characters of the 
hmbs throughout the animal series evidently have relation not to the 
characters of the respiratory apparatus alone but to the general 
9tructttr4e of the animal and especially to the circumstances under 
which they have to be used. 

"Turning into the dark vistas of the remote past" and "combining 
with palseontological research the results of anatomical developmental 
scrutiny of existing vertebrates " our author gives the following five sub- 
classes of Hsematocrya. I. Dermopteri (the Lancelet, Hagfish and 
Lamprey), Le. the vermiform, limbless, ribless fishes with membrane* 
cartilaginous and notochordal skeleton. IL Teleostomi, or osseous 
fishes. III. Plaoiostomi, or cartilaginous fishes, including Lepido- 
siren. IV. Dipnoa, or Amphibia. V. Monopnoa, or Reptiles. The 
two latter subclasses include several extinct orders. The arrange- 
ment differs, therefore, very little from that usually made. 

In diapter II. *' in the osseous system of the Hsematocrya^" amid so 
much that is good on the structure, development and growth of bone, 
it is rather surprising to find, at p. 24, such a sentence as the follow- 
ing, with reference to the changes that are wrought in bone, to adapt 
it to its destined office, by the removal of parts previously formed. 



128 JREVIEWS AND NOTICES OP' BOOKS. > 

<< In fishes, indeed, we observe a simple unmodified increase. To what- 
ever extent the bone is ossified, that part remains, and oonseqaently most 
of the bones of fishes are solid or spongy in their interior, except where 
the ossification has been restricted to the surface of the primary grisUj 
mould." 

Upon what grounds a renunciation is thus made, in the case of 
Fishes, of the most important characteristic of bone, as distinguished 
from shell — ^the property, that is, of undergoing absorption as well as 
increase, whereby it is adapted to the varying size and conditions of 
the body and is fitted for the purposes of an internal skeleton — ^we 
are not told. The necessity for such a property seems quite, or 
nearly, as great in the fish as in the mammal ; and the evidences of 
its influence are clearly marked in the maintenance of the proper 
relative size of the various holes and canals and, particularly, in the 
progressive enlargement of the neural and haemal arches of ihe 
vertebrae, which, forasmuch as those parts are, in most fishes, early 
confluent with the centres, can only take place by absorption of 
their inner surfaces while addition is being made on their exterior. 

Commencing with the osteology and myology of cold-blooded 
vertebrates, he considers them chiefly from a homological point of 
view, and aims, with much success, 

'^ At relieving the dryness of descriptive detail, and at connecting the 
multi&rious particulars of this difficult part of Comparative Anatomy in 
natural order, so as to be easily retained in the memory, by referring to 
the relations which the bones and muscles of Fishes and Reptiles bear to 
the general plan of vertebrate organisation, and by indicating their analo- 
gies to transitory states of structure in the embryo of higher animals, and 
to those answerable conditions of the mature skeleton which, in longer 
lapse of time^ have successively prevailed and passed away in the genera* 
tions of species that have lefb recognisable remains in the superimposed 
strata of the earth's crust.*' 

The gradations of development of vertebrae, from their first faint 
indications in the notochordal capsule of the Lancelot, through the 
cartilaginous and increasingly osseous conditions of the Myxine, Lepi* 
dosiren. Sharks and osseous fishes, to the procaelian or completely ossi- 
fied and even coalesced state in reptiles, is well traced in this chapter. 
An equally good account of the brain-case follows ; and the compari- 
son of the brain-case \rith the vertebral column in these animals^ 
respectively, adds strong evidence in favour of the vertebral theory 
of the skull which the opponents of that view will do well to examina 
Especially should they remark the mode in which the base of the 
skull is shown to be ''first formed," as in the Lancelot, "by the anterior 
prolongation of the notochord and the expansion therefirom of its 
capsule; and that the cranial cavity results from the extension of the 
outer layer of that.membrane over the anterior end of the nervous 
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axis," p. 82. The capsules for the organs of special sense are next 
added (in the Lamprey), and the cartilaginous tissue is developed in 
the notochordal sheath at the base and sides of the craniutai ; and 
these become ossified in Lepidosiren. Indeed the whole of this 
]>art of the work presents an admirable illustration of the analytical 
and synthetical 'way' of anatomy; the extensive knowledge and the 
calculating powers of the author peculiarly fitting him for such a task. 
Not that he has omitted, as has sometimes been laid to his charge, 
the information to be derived from the mode of development of the 
individual classes. He draws from both sources of information — ^the 
development of the parts embryologically is taken in connection with 
their position, function, relations and modification to suit particular 
requirements as well as serially — ^which we need scarcely say is the 
only true mode of arriving at correct conclusions. Although therefore 
we may not agree with all his decisions, we are bound to confess that 
he has collected his evidence with infinite pains from the legitimate 
sources and weighed it carefully and fairly. The &ults, if there be 
faults, in his homological scheme are due to the difficulties attendant 
on the attempt to draw out such a scheme, difficulties that have been 
experienced by every anatomist who has essayed to systematuse the 
complex and vaiying structure of the vertebrate skulL 

The chief of those which we are disposed to regard as faults are 
due, we think, as already hinted, to his having taken the skull of 
osseous fishes as a starting point and attempted to harmonize the 
crania of other vertebrates with it. The skull of these fishes, being 
the most complete of all, is more likely to add to than unravel the 
puzzle, and requires to be explained by a careful consideration and 
comparison with others rather than serves as the key to their 
cipher. The various faults or questionable features are all, or nearly 
all, attributable to this. Thus the appending the scapular arch to the 
occiput throughout the vertebrate series, because, for obvious and 
especial reasons, it happens to be so placed in fishes, throws, to 
say the least, a doubt upon his view of the position of all the other 
hsefmal arches of the skulL For if the scapular arch be not properly 
disposed by him, then neither are those in advance of it — ^the 
hyoidean, mandibular and maxillary. Moreover the doubt spreads 
from them to the parapophysial bones from which those arches are 
suspended, or are supposed to be suspended, especially the 'mastoids' 
and 'prefrontaU;' and this has led on to the, at least, questionable view 
of the relation of the 'malar' and 'squamous' (the presence of which is 
not admitted in the fish) as a diverging appendage to the maxillary. 
We could wish that the saw had not been used so ruthlessly to cut 
into a basi- and a pre-sphenoid the gordian-knot-bone beneath the 
base of the piscean and batrachian skull, which Professor Huxley, with 
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hesitation but more probability, calls ^parasphenoid ;' and we fear that 
the hard problem of the homologies of the several parts of the 
temporal bone has as yet resisted the solving skill of Hallmann, Owen 
and Huxley, though their efforts may have prepared the way to 
success for some more fortunate anatomist. 

The homological study of the skull revived by Owen, upon the 
plan indicated by Oken, has been freely and ably discussed by 
Huxley*; and though the latter has objected, upon insufficient 
grounds we think, to the 'vertebral theory' of Oken and Owen, yet 
the segmental disposition of its components, which is after all the 
basis of the * vertebral theory,' is accepted by him. The difference, 
therefore, on this fundamental question is not so great as might seem 
from the naked assertion that the one repudiates while the other 
accepts the vertebral theory. Both agree that the skull is composed 
of segments placed in serial order in the longitudinal axis of the body; 
and it is beside our present mark to enter into the question whether 
or not the term 'vertebral' should be applied to these segments. 

They are also agreed as to the number and chief constituents of 
the s^ments. Thus the firsty or ' occipital segment,' includes the 
'basi-occipital,' the 'exoccipitals,' and the 'supraoccipital,' which to- 
gether make up the 'occipital' of human anatomy. The second^ 
or 'parietal segment,' includes the 'basi-sphenoid,' or hinder part 
of the centrum of the sphenoid, the ' aU-sphenoids,' and the 
* parietals.' The third, or 'frontal segment,* includes the 'presphenoid,' 
or fore part of the centrum of the sphenoid, the.'orbito-sphenoids,' 
and the 'frontal' The fowrik, or 'nasal/ which is the foremost 
segment^ includes the 'ethnoid,* 'vomer,' and 'nasal' bones. They 
are further agreed that certain bones — ^the 'petrous* or 'periotic' bones 
and the 'turbinate* bones — are ossifications of parts of the auditory and 
nasal apparatus. It may be said, therefore, that in the main points 
of detail of the segmental construction of the skull and the composi- 
tion of its basal and neural parts in mammals, these two anatomists 
are pretty much agreed. 

In the comparison, however, of the components of the respective 
segments in the mammalian with those in the reptilian and piscean 
skull differences arise, which result no doubt in part from the dif- 
ferent direction in which each approaches the subject Owen, com- 
mencing with the fish, and founding his plan much upon the obser- 
vation of the fish's skull, works his way upwards. Huxley, on the 
other hand, commencing with man, travels down to the reptile and 
fish. Owen lays more stress upon ' serial,' Huxley upon ' embryonic' 
development. 

The 'occipital' segment is so far similar in the several classes 

* Ltctwra on the ElemenU of Comparative Anatomy, 1864. 
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that the comparifion of its chief constituents does not admit of much 
question. Its basal, exoocipital, and supra-occipital elements, where 
present^ are easily recognised. But the temporal bone continues, 
and probably long will continue, to furnish ample scope for the 
picking propensities of anatonusta There is no other part of the 
skeleton represented by a single bone in one dass (mammal) which 
is so much divided in the other classes, and the constituents of which 
are subject to ao much variation; and there is none, accordingly, 
which has presented so much difficulty to anatomists and been the 
subject of so great difference of opinion. Indeed, at the present 
time^ there is no one of its several component parts respecting the 
homologies of which anatomists are agreed. 

Take the 'sense-capsule' or 'petrous' or 'periotic' part, for it 
bears each of these names. Owen conceives that^ as the organ of 
hearing becomes simplified in reptiles and fishes, this part diminishes 
and finally disappears; so that in the reptile it is in very scanty pro- 
portions, the covering of the auditory apparatus being, as far as it 
is required, supplied by the parts of the occipital (the paroccipital 
and the supraoccipital) and the alisphenoid. Huxley, on the con- 
tnory, conceives that this 'periotic' — ^which he finds composed of three 
parts (a 'pro-otic,' an ' opisthotic,' and an 'epiotic') — rather increases 
in relative importance in the inferior animals and encroaches upon 
the territory of its neighbours. Thus Owen's ' paroccipital' and ' ali- 
sphenoid' in the reptile are Huxley's ' epiotic' and 'pro-otic' 

Again, Owen's 'mastoid' in the reptile and fish is with Huxley 
and Humphry the 'squamous;' and his 'squamous' is their 'quadrato- 
jugaL' The 'quadrate' of the bird and reptile and the four bones 
corresponding with it and connecting the lower jaw with the skull in 
the fiish, are by Owen regarded as representing the ' tympanic bone,' 
by Huxley as representing it with certain of the ' ossicula auditus,' 
and by Humphry as the ' glenoid' part of the tempoi-al. 

It is clear, therefore, that much has to be done before we can 
consider the homologies of the temporal bone to be settled. 

The relation of the inferior arches of the skull — ^the ' hyoidean,' 
' mandibular' and 'maxillary,' — to the digestive and respiratory tubes 
are clearly indicative of their visceral character, and justify Owen's 
comparison of them to the pleural and sternal parts of the thorax as 
obviously as the relations of the superior arches to the brain indicate 
their neural character and show them to correspond with the neural 
arches of vertebraB. The points of their attachment vary somewhat, 
but less than might have been expected in the several classes of 
animals. Whereas the scapular arch, usually situate at some dis- 
tance behind the head, is in the osseous fishes and Lepidosiren at- 
tached to the occiput. The assuming this to be its typical position 
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seems to us, as before intimated, the weakest feature in the Owenian 
plan; and it does not appear to be strengthened by any arguments 
adduced in these volumes from the reptilian and higher classes. 

With this exception, the mode in which the 'limbs' or 'append- 
ages' are treated is lucid and philosophical They are shown to 
''commence as a bud or fold of skin, within which is formed the 
framework, in texture and structure according to the work to be 
done." In fishes this framework consists of a number of rays or 
'digits.' "The vegetative repetition of digits and joints, and the 
vegetative sameness of form in those multiplied peripheral parts of 
the fins of fishes, accord with the characters of all other organs on 
their first introduction into the animal series" (p. 166). Gradually 
they become more and more projected by the development, first, of 
the distal, then of the proximal segments of the limbs. Thus in 
the Angler' (Lophius) and the Shark the carpals only are found, and 
constitute the second segment that connects the rays with the sca- 
pular arch. In Polypterus a third segment dawns in the presence 
of two small cartilages representing the radius and ulna and forming 
the medium of attachment with the scapular arch. These are some- 
times ankylosed with the coracoid, as in Silurus, more generally free, 
and sometimes, as in the Opah, the Cock-fish, and the Flying-fish, at- 
tain to great length. Beyond this, that is, beyond the development 
of these three segments, the pectoral limb does not advance in fishes, 
the humeral segment not being formed; and in the ventral fins even 
these are not developed, the rays resting directly upon the pelvic 
bone& In all higher vertebrates, whether they be inhabitants of the 
water or not, the fourth or humeral segment is present, and is asso- 
ciated with a diminution of the number of the distal elements; so 
that, as we have already stated, the condition of the limb is depen- 
dent upon its relation to other points of structure in the animal, 
as well as upon external circumstances. 

The position of the ventral fins in fishes, varying so greatly as to 
induce Linnaeus to make it the basis of his clajssification, an absence 
of direct connection with the vertebral column and the mode in 
which they bud, as it were, from the skin of the belly, seem rather 
to suggest the question whether they, and if they the pectoral fins 
and the limbs of animals generally, are to be regarded as parts of 
the vertebral system at all. May they not, like the dorsal, anal, and 
caudal fins, be special developments of the cutaneous or external 

* The presenoe in Lophiua of a row of cartilages supporting the rays and connecting 
them with the bones called carpal, does not appear to be recognised by Owen ; but th^ 
fonn a distinot feature and throw some doubt upon his view of the homologiee of this 
limb. It would seem quite probable that they represent the carpal series, and that the 
two bones called by him ' carpals,* are in reality the * radius' and * ulna.* 
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embiyonic layer^ formed at such parts as may be required, and at- 
taching themselves, according to circumstances, to this or that part 
of the vertebral system: it may be to the cranium or the thorax or 
some other. Does not this view bring them better into relation with 
the limbs of the several members of the annulate class, which are 
clearly parts of the external or dermal system. 

In the myolc^cal parts of the work Professor Owen dwells upon 
the disposition of the muscles in transverse segments or ' myocomes' 
which are connected by intervening strata of fibrous, or, it may be, 
osseous tissue, as in the case of the ribs. These segments he shows, 
in fishes, to correspond generally with the osseous or vertebral seg- 
ments; and he traces them forwards into the head between the sca- 
pular, hyoidean, and maxillary arches. In this region, however, they 
undergo that change, analogous to ankylosis, which justifies their 
being regarded as distinct longitudinal muscles; and in the higher 
animals the ankylosis taking place in other parts of the body leads 
to the formation of the longitudinal masses of muscles — ^the ' sacro- 
lumbalis,' 'longissimus dorsi,' 'spinalis dorsi,' and others surrounding 
the spine. Obvious traces however of the segmental disposition re* 
main in the ' intercostals,' in the abdominal muscles of reptiles, and 
in the 'line® transversae* of the human 'rectus abdominis.* 

The opinion expressed (p. 220) that flexion of the second, or 
elbow, joint of the fore-limb corresponds with extension of the second, 
or knee, joint of the hind-limb, that the flexors of the arm — the ' bi- 
ceps' and * brachialis anticus' — are homologous with the extensors — 
the * quadriceps' — of the leg, and that therefore the ' patella' is ho- 
mologous with an ossicle sometimes developed in the tendon of the 
'biceps,' does not seem to rest on very strong foundation, and will 
not, we suspect, carry much conviction to those who take the oppo- 
site view and regard the ' patella' as homologous with the extremity 
of the olecranon, or at any rate with an ossicle developed in the ten- 
don of the ' triceps extensor cubiti,' when the olecranon is abortive, 
as is the case in the Bat Indeed there is often much difficulty in 
determining the homologies of the muscles; and their characters 
" exemplify the greater degree in which the adaptive principle pre- 
vails over the archetypal one in the soft than in the hard parts of 
the frame," p. 231. 

The account of the nervous system is very thorough, comprising 
a description of its varieties in a large number of the members of 
the respective classes. 

The ' encephalon' is regarded as being comprised of four primary 
portions or segments. Of these the hindmost or ' epencephalon ' 
consists of the medulla oblongata with the cerebellum; and, in fishes, 
Yfhere this part is relatively larger and more complex and diversified 
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than in any of the higher classes of vertebrates, of the vagal and 
trigeminal lobes and the nodulus, though these are not alwaj^ 
present The next succeeding primary division, the ' mesencephalon,' 
consists of two upper spheroidal bodies, the 'optic lobes' of ''two 
lower subspherical bodies, the 'hypoaria,' with intervening connecting 
walls enclosing a cavity, called the third ventricle, which is prolonged 
downwards into the pedicle of the ' hypophysis,' or pituitary gland, 
and upward into that of the ' conarium,' or pineal gland." Elach 
optic lobe contains a ventricle, on the floor of which, in fishes, are 
from one to four small white ' tubercles ' and a ' torus.' These do 
not correspond, as they have been supposed to do by some anatomists, 
with the 'corpora quadrigemina,' or 'thalamus opticus,' or 'corpus 
striatum,' of the mammal's brain. They, as well as the 'hypoaria»' 
are peculiar to fishes. The optic lobes are grooved transversely in 
serpents. Thirdly, the 'prosencephalon,' consisting of two small 
masses, composed in their superficies of grey vascular neurine, usually 
in close contact with the optic lobes and solid, but in some — ^Lepido- 
siren and Plagiostomes, — Shaving a ventricular fissure and a choroid 
plexus in their deeper parts, which shows them to be homologous 
not with the ' corpora striata,' " that is a medium of transmission," 
but with the ' cerebral lobes' of mammals, that is, " the seat of the 
terminal expansion of the radiating medullary fibres of the cerebral 
crura." In serpents the ventricle is more marked, a 'corpus striatum' 
projects into it from the under and outer side; and it is continued 
forwards into the olfactory lobe. Fourthly, the ' rhinencephalon,' or 
olfactory lobes, which are always present, though they are sometimes 
at a distance from the prosencephalon, and sometimes close to it or 
even sheltered by it 

The Beptilian brain, with the exception of the crocodile's, in 
which the relative size of the cerebral lobes is greater, shows no 
considerable advance upon that of the fish. 

" The brain of the bird differs from that of the reptile in the superior 
size of the cerebmm and cerebeUum, together with the folding of the latter, 
which relates probably to the higher locomotive powers of the bird; it 
differs from the brain of the mammal in the absence or small beginning of 
the fornix, and of the lateral lobes of the cerebellum; it differs from the 
brain of every other class in the lateral and inferior position of the optic 
lobes." 

The comparison of the Beptilian and Avian brain during the 
development of the latter is thus instituted : 

" In the brain of the chick at the eighth day of incubation the fourth 
ventricle is exposed by divergence of the dorsal myelonal columns, which 
now have the name of 'posterior pyramids;' the plate of neurine developed 
from them to bridge over the ventricle shows the same incipient state of 
the cerebellum as in the BaUraekia. It next expands at the middle and 
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xepretentB the conditdoii of the cerebeUum ia the lizard : continuing to 
grow, the cerebellum covers, at the sixteenth day of incubation, the fourth 
yentricle, and has a smooth exterior as in the crocodile and turtle. To- 
varda the close of incubation the cerebellum presses forward toward the 
oerebrom, and seems mechanically to push aside the optic lobes; the mul- 
tiplied grey matter of its superficies is disposed in transyerse folds : small 
beginnings of lateral lobes are present in many birds. The white neurine 
continues to accumulate beneath the grey, and reduces the cavity of the 
originally vascular cerebeUum to a fissure, which retains its primitive 
connection with the fourth ventricle." "The optio lobes in the embryo 
are smooth vesicles of white neiuine, in contact with each other, as in 
ReptiHa: they are at first oblong, as in BcUrachda; next acquire a spheroid 
figure, as in lizards, and then assume their omitldc character by diverging 
laterally toward the lower plane of the brain.'* YoL u. pp. 118, 121. 

The author does not depart firom his previously expressed opinion 
that the spinal cord of vertebrates is the analogue of the abdominal 
cord of insects^ and that the sympathetic system "is an ofi^t or 
subordinate element of the general myeloncephalous series of nerve- 
organs," and "differentiated by progressive steps.*' He takes no 
notice of the view suggested by Von Baer and adopted by Huxley— 
a view based partly upon the position of the respective organs, and 
partly upon the manner of their development — that the sympathetic 
is the correspondent of the ganglionated nervous centres of the in- 
yertebrata, and that these admit of no comparison with the cerebro- 
spinal centres of the vertebrata. May it not be that in this, as in 
so many other instances, the truth lies somewhere between these 
conflicting views? that the ganglionated chain of the invertebrates is 
the representative, not of the cerebro-spinal nor of the sympathetic 
system of the vertebrates, but of both ? Functionally, at any rate, 
it is pretty clear that this is so; and our knowledge of the changes 
that take place in the earlier periods of embryonic life is scarcely 
precise enough to warrant our dogmatizing upon it in opposition to 
strong functional evidence. 

When alluding to the chief peculiarity of the organ of vision in 
Ophidians, the manner, namely, in which, for defensive purposes, the 
integument is continued directly over the eye, adhering to the outer 
part of the conjunctive, which forms a closed aac in front of the eye, 
Prof. Owen observes : 

" It is interesting to note the correspondence of condition between the 
eye and ear, in regard to the fore-court of each organ, which serpents 
exclusively exemplify, among air-breathing vertebrates. The tympanic 
chamber parallels the conjunctive chamber; both are closed externally, — 
the one by the ear-drum, uLe other by the autocular membrane : the lachry- 
mal canal is the homotype of the eustachian.^' 

The account of the teeth and alimentary canal is clear and full, 
without containing much new matter; and there is no great scope 
for generalization. The following passage shows that it is not easy 
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to establish a -relation between the character of the teeth and the 
form of the stomach : 

'' Such are the obseryed extremes of the modifications of the stomach 
in fishes, which it will be seen, therefore, are far from according with or 
paralleling thase of the dental system^ There is often, indeed, no essential 
difference of form in the stomach of a fish with ezclosively hmiaiy teeth, 
e. g. the camivorons salmon, and in that of one with exdnsiTelj molar 
teeth, ag. the herbivorous carp. The ^tobates, whose teeth form a 
crushing parement, has a stomach similar in shape and size to that in the 
common ray, in which every tooth is conical and sharp-pointed.*' 

The spiral valve in the large intestines of Plagiostomes, which, 
by giving an extension to the mucous membrane, permits an 
economy of space in the abdominal cavity, is connected with ''the 
necessity for reducing the mass and weight of the abdominal contents 
in the active high-swimming sharks, which have no swim-bladder; 
the essential part of an intestine being its secerning and absorbing 
surface, we see in them the requisite extent of the vasculo-mucous 
paembrane packed in the smallest compass, and associated with the 
least possible quantity of accessory muscular and serous tissues." In- 
stances are, however, knentioned in which the spiral valve is associated 
with the swim-bladder. 

With regard to the homologies of the vascular system Pro£ Owen, 
following much the views of Bathke, says: 

'' The precaval veins," formed on each side by the confluence of the 
jugular and cardinal vein, '^ are the homologues of the two ' superior cavie ' 
iu reptiles and birds, which receive the so-called ' azygos* veins or reduced 
homologues of the 'venae cardinales' of fishes: in the higher mammals 
and in man they are concentrated into a single ' superior vena cava^' receiv- 
ing the 'vensB cardinales' by a common trunk, thence called < azygos* in 
Anthropotomy. The anatomical student is usually introduced to the car- 
dinal veins, as represented by their single homologue in the human subject, 
where their normal symmetrical character becomes masked by an extreme 
modification, and where the name 'azygos' is applicable only to so excep- 
tional a condition." 

The 'vena neuralis' runs parallel with the 'vena cardinalis,' but 
above the vertebral bodies in the neural canal It receives neural 
and myelonal twigs; and communicating branches between it and 
the cardinal veins perforate the substance of the kidneys and receive 
the 'renal veins.* 

"The visceral system of veins commences in osseous fishes by the 
capillaries of the stomach and intestines, pancreatic cseca and spleen, of the 
generative organs and air-bladder : these, by progressive union and reunion, 
constitute either a single trunk, which forms the portal arterial vein of the 
liver; or, as in the Perch, a second tnmk, the true homologue of the 
' inferior cava,' which returns the blood from the genital organs and air- 
bladder to the auricular sinus, without previous ramification in the liver; 
the portal trunk being formed only by the veins of the alimentary canal 
and its appendages" (p. 467). 
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• 
*< The venous sTBtem of Batraohians resembleB that of fishes in the 
degree in which the species retain the piscine character. The cardinal yeins, 
essentiaUj those which return the blood from the osseous and muscular 
segments of the trunk, are largest in Perennibranchs, and decrease, as the 
hind-limbs acquire more size and power, in the newts and land-salaman- 
dersy until, in the tail-less and long-legged frogs and toads, the primitive 
venous trunk of the body ia reduced to the condition of the ' azygos' vein 
in mammals, and the great bulk of the blood is submitted to the influence 
of the kidneys and liver before it is returned to the heart." 

In most Reptiles the blood of the lower limbs and tailis described 
as being conveyed partly by a ' reni-portal ' vein to the kidney, and 
partly by an 'umbilicar or ' subabdominal ' vein, which collects the 
Blood from the ventral walls of the trunk and receives the gastro- 
intestinal pancreatic and splenic veins, so forming the great ' portal ' 
vein and penetrating the liver. The renal veins unite with the 
ovarian or testicular veins to form the 'post-caval ' — the representa- 
tive of the mammalian posterior cava — ^which traverses the liver and 
receives the hepatic veins. A small 'cardinal' or 'assygos' vein, 
returning part of the blood from the tail, advances along the back 
part of the abdominal cavity, receiving the segmental or vertebral 
veins, and terminates in the left precavaL The blood from the head 
and fore-limbs is conveyed by a pair of precavals. 

"Physiologically the heart of fishes," consiBting commonly of four 
chambers, the 'sinus communis,' the 'auricle,' the 'ventricle,' and the 
' bulbus arteriosus,' " answers to the venous or pulmonary division, viz. the 
right auricle and ventricle of the mammalian heart, and its quadripartite 
structure in fishes illustrates the law of vegetative repetition, rather than 
that of true physiological complication. The auricle and the ventricle are, 
however, alone proper to the heart itself: the sinus is a development of the 
termination of the venous system, as the muscular bulb is a superaddition 
to the commencement of the arterial trunk. The heart of fishes with 
the muscular branchial artery is the 'homologue' of the left auricle, 
ventricle, and aorta in higher vertebrates; but it performs a fdnction 
'analogous' to that of the pulmonic auricle and ventricle in them." 

The distinction between ' analogy ' and ' homology ' in this in- 
stance does not seem to rest upon very sure grounds. We do not 
see why the heart of the fish should not be regarded as homologous 
with the right or pulmonary, as much as with the left or systemic, 
side of the heart in the higher vertebrates. Indeed, the metamor- 
phoses of the vascular system in the frog, the graduated division of 
the heart in reptiles, and the mode of its development in birds and 
mammals, seem to show clearly that the ventricle of the fish, at any 
rate, is the homologue not of either the right or the left ventricle 
of the higher vertebrates, but of both ventricles. And with regard 
to the auricles the serial development of them in Hsematocrya^ as 
traced by Prof. Owen, indicates a gradual addition of the left auricle, 
proving that the one first introduced, that is, the auricle of the fish, 
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is the homologue not of the left but of the right auricle of higher 
vertebrates. Thus 

" In Lepidofiiren the vein from the lung-like air-bladden travenes the 
[single] auricle and opens directly into the ventricle. In Siren the pulmo- 
nary vein dilates, before communicating with the ventricle, into a small 
auricle, which is not outwardly distinct from the much larger auricle 
receiving the veins of the body;" and "the pulmonic auricle augments in 
size with the more exclusive share taken by the lungs in respiration" 
(p. 506). In scaled reptiles also " the returning blood from the expanding 
lungs leads to the development of a distinct chamber in the auricle^ which 
finally becomes the left auricle." 

The serial development of the parts of generation, with the paral* 
lelism of the male and female organs, is traced through four grades 
of complexity in the fish. First, there is the essential organ, distin- 
guished as testis or ovarium only by microscopical examination of its 
contents, single and in the median line, as in the eel and lamprey, 
and without excretory duct: the spermatozoa or ova escaping by 
dehiscence of the cells and rupture of the peritoneal covering into 
the abdominal cavity, whence they are expelled by reciprocal pres- 
sure of the intertwined sexes from the peritoneal outlets of the 
cloaca. Second, the essential organ is divided into two, one on each 
side, and each has a simple duct. The two ducts however, usually, as 
in the Herring, coalesce into a single duct before reaching the urethra 
or cloaca ; and the common duct is sometimes, as in the Sole, dilated 
into a saccular seminal reservoir. In the Salmon the parallelism is 
interrupted, the vasa deferentia being present but the ova escaping 
through the abdominal cavity and the peritoneal outlets. Third, the 
ducts of the two sides are separate (Sturgeon), but not separated from 
the ureter. The regurgitation of the urine into the sperm duct, or 
oviduct, being prevented by a valve; the oviduct is not continuous 
with the ovary. Fourth, testis or ovarium, each, with a long and 
complex duct, distinct from the ureter (Plagiostomes) ; the beginning 
of the vas deferens convoluted into an epididjrmis, and its end dilated 
into a seminal reservoir, with a pUcated glandular inner surface; the 
oviduct not continuous with the ovarium and dilating into a re- 
ceptacle or uterus, with a plicated surface, at its terminal hal£ 
In Batrachians the vas deferens is not separate from the ureter, 
and there is no intromittent organ. The parallelism between the 
male and femiale is broken by the fact that the oviducts, which are 
separate from the ovary, are separate also from the ureters, and have 
their proper openings in the cloaca. In Reptiles the conduits from 
the testes and kidneys, as well as the corresponding ducts in the 
female, are distinct to the cloaca and terminate there on separate 
papillae. 

A detailed account of the generative products and development 
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of Haematocrya terminates YoL I> and proves that the author has 
not omitted the subject of development from his extensive range of 
study of the animal kingdom. The account does not differ much 
from that usually given. In the case of the eye and ear the author 
considers that the organs, the 'eyeball' and the 'acoustic labyrinth/ 
are not formed, as stated by most embiyologists, from involutions of 
the external integument (the 'homblatt' of the Germans), but by 
the infolding of ' superficial blastema,' which takes place to meet the 
production of the nerve-process from the cerebral centre. Thus the 
crystaUine lens is formed (in this blastema) between the ends of the 
elongated and curved ophthalmic vesicle beneath the delicate tegu- 
mentary layer connecting them (p. 603); and when describing the 
development of these organs in birds, YoL U. p. 262, he adds: 

'^ It is a mistake to speak of the labyrinth or eyeball as being formed 
by the integument, or beginning as ' cataneons follicles,' for the structures 
of the skin are not differentiated when they first appear; a layer of cellular 
or primitive blastemal tissue represents the integument, and a greater 
number of cells is aggregated at the points which tend inward to meet 
the prodactions from the nervous centres. After the essential organs of 
sense are established, then is the skin developed and modified more or less 
for their protection, forming the outer ear and the eyelids : but both 
passages are closed by transparent membranes, as ' ear-drum' and 'cornea.' 
Only in the case of ^e olfactory organ does the primitive depression retain 
its outlet, and in the bird and other air-breathers, it also communicates 
with the air-passage: having the tegument superadded and modified, in 
most^ as external nostril and nose." 

Whether he conceives the main neural axis to be also developed 
from the external integument lining the primitive dorsal groove, or 
in blastema formed beneath it, is not stated. 

The section on birds is certainly not the strongest part of the 
work. As the fish seems to have attracted the most, so, apparently, 
the bird has received the least attention from the author. The 
classification needs careful revision. We are left at a loss whether 
the Cursors are to be retained as a separate group, or whether the 
Ostrich is to be ranked with the Bustard, the Didus and Pezophaps 
with the Columbaceous gi'oup of Rasores^ and the Apteryx, Dinomis 
and Palapteryx with the Megapodial family of OaUincB. In the 'loco- 
motion' of birds hints might well have been taken from the able 
though popular exposition, by an eloquent and closely-observant 
Duke, recently given in 'Good Worda' The statement (YoL II. p. 113.) 
that "birds float by the specific gravity of their body, arising 
from the extension of the air-cells and the lightness of the plumage," 
can scarcely have been seriously intended, and should not there- 
fore have been left without qualification. It, as well as the re- 
mark by Sir John Herschel, in his 'Physical Geography,' p. 347, 
that the albatross sleeps on the wing, are refuted by Capt. F. 
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W. Hutton, who, in some interesting oliservations upon the flight of 
that bird in the ' Ibis' (July 1865), concludes that the bird cannot 
sustain itself in the air unless it has an onward movement, and shows 
that this movement is given by the wings. The same writer shows 
also that the air in the air-cells can have little effect in buoying the 
bird up, and regards their use to be to enable the bird to shift 
slightly its centre of gravity. 

The chapter on the grouping of the class Mammalia is nearly a 
reprint of parts of the ClassiJUxition and Oeographical distribution of 
Mammalia published in 1859; and the author^s fourfold primary 
division into the subclasses Archencephala, Qyrencephala, Lissence- 
phala and Lyencephala^ based upon the four leading modifications of 
cerebral structure in that class, was submitted to the linnsean Society 
in 1857. It has, therefore, been for some time before the world; and 
we are, on the whole, inclined to accept it as a real improvement on 
its predecessors and as the best that has yet been suggested. A new 
classification is, we grant, per se, an evil, a vexation to older students, 
repulsive and a source of perplexity to beginners, and should not 
therefore, be introduced unless it presents distinctly counterbalancing 
advantages. Anatomists and amateurs have become accustomed to 
the Cuvierian divisions and are unwilling to relinquish them. Still it 
must be admitted that they do not satisfy the requirements of 
advanced scienca The fact that the primary grouping by the ungui- 
culate and ungulate features places the marsupials and monotremes, 
as well as the insectivora and rodents, above the elephant and 
ihe horse is enough to show that some alteration was needed, and 
prepares us to regard with favour an attempt at the redistribution of 
the class by one whose long-continued preparation so well fitted 
him for the task. 

In reference to the selection of the brain as the basis for a classi- 
fication, it may be urged that it is an organ ill chosen for the purpose, 
because, first, its leading differences in Mammalia are modifications 
only, that is, differences in degree rather than in kind. Thus, the 
drawing of the brain of the Lemur (p. 271), which is placed high 
among * Gyrencephala,' shows that a somewhat greater extension only 
of the cerebrum forwards and backwards constitutes the difference 
between it and the brain of the Agouti, of which a drawing is given 
(p. 270) as the representative of the subordinate 'Lissencephala' 
Secondly y the relations of the brain, of those parts more particularly — 
the cerebral and cerebellar hemispheres — ^upon which the classification 
is founded, to the rest of the body are not clearly known. Even the 
relations to psychical endowment, to external form, and to variety of 
movement, present some striking anomalies. Thus the brain of the 
Porpoise, which is placed lowest among ' Qyrencephala,' is relatively 
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larger and more folded than that of any of its companions in the 
subclass. Difficulties and anomalies of this sort will, however, 
present themselves in any system of classification. Nature has held 
herself free to modify her own great plan, so as best to suit the 
infinitely varied conditions of her numerous progeny. The order which 
she exhibits ever lures us on to jgreater refinement in the classification 
of her products, while the variety of her modifications ever baffles 
our attempts at exactness and completeness. A faultless and un- 
exceptionable classification, therefore, we must not expect in this or 
any part of the division of Natural BListory. We must be content to 
accept that which has the fewest faults, and which seems to throw 
the genera into the most natural order; and the Owenian classifi- 
cation by the cerebral method, in our opinion, fulfils these require- 
ments better than any other which has been presented to us. It is a 
decided improvement on Cuvier's arrangement, and is to be preferred 
to the placental method of Milne Edwards which has recently been 
advocated by Professor Huxley. It has at any rate the advantage of 
more easy and extensive application than the latter. The placenta 
can be examined only at certain periods and in one sex. It does not 
exist even throughout mammalia, so that the basis of classification 
ha9 to be shifted in the aplacentals from the connection between the 
mother and the oflTspring to the genital organs of the former. But 
the great objection to the placental method is that the peculiarities 
in the structure and shape of the placenta^ in different classes of 
animals, do not seem to be associated with sufficiently distinctive 
features in the rest of their structure to render it a satisfactory guide 
in the attempt to group them. Thus the discoidal deciduous 
placenta is common to man as well as to Bodentia^ Insectivora, 
and Cheiroptera; the zonular placenta is present in the Elephant as 
well as in the Camivora; and in most Pachyderms, in Solipeds, and 
Cetacea the placenta is non-deciduous and diffuse. 

We further agree with Prof. Owen in thinking that the nume- 
rous and important features that distinguish man from his nearest 
approach are a sufficient ground for elevating him into a separate 
sub-class. The importance of the posterior comu and the hippo- 
campus nciinor fades into insignificance in comparison with that of the 
large size, rounded form, and well-folded surface of his brain; while 
the capacity for intellectual endowment and knowledge that genders 
responsibility, the communication of ideas by language, and the power 
of handing down accumulated stores of information from generation to 
generation, the firmly-planted foot, and the power of the hand to 
wield all nature to his service, mark man off from the rest of creation 
by a wider interval, we had almost said, than separates any two 
members lower down in the animal scale. 



THE PHYSIOLOGICAL ANATOMY AND PHYSIOLOGY OF 
MAN, by BoBEBT B. Todd, William Bowman, and Lionel 
S. Beale. a new Edition by the last-named Author, Part I. 
8vo. 7*. 6cL Longman & Co. 1866. 

The three names on the title-page of this work are among the 
foremost in the annals of British physiology. To Dr Todd we owe, 
besides important articles on the nervous system and other sub- 
jects communicated by himself, the CycUypcedia of Anatomy, a work 
that hafi done more than any other work of our time to advance 
anatomy and physiology and to uphold the character of British 
anatomists and physiologists. Mr Bowman's papers on the minute 
anatomy of muscle and of the kidney have perhaps never been 
surpassed in the correct and original observation, the clearness of 
description, and the comprehensiveness of view which they evince. 
They have stood the test of many years of keen examination, aided by 
improvements in the means of investigation, without shewing a flaw; 
and we cannot but regret, on behalf of our science, that the more 
engrossing avocations of practical life have withdrawn so able an 
investigator and lucid an expounder from the quiet path of physi- 
ological study. King's College was fortunate in obtaining two such 
occupants of the chair of physiology; and it has been no less fortu- 
nate in their successor. As an assiduous worker, and a patient, 
profound, successful investigator of minute structure Dr Beale has 
no equal in this country. He alone takes a place worthy of the 
British name beside the histologists of Germany; and he alone has 
been able to bring the highest produced powers of the microscope to 
a satisfactory bearing upon animal structure. He is not merely a 
physiological anatomist but also a physiologist, and therefore pecu- 
liarly qualified to prepare a new edition of the original and admirable 
work of Dr Todd and Mr Bowman. It appears from the short 
preface that he had already 'assisted those authors in the completion 
of the concluding part of their second volume; but for the work 
in its new form he is alone responsible. "The present part, con- 
sisting of the Introduction, Chapter I. on Stmcture, and Chapter II. 
on Chemical Composition, is complete in itself. In the further prose- 
cution of the work, the original plan will be adhered to as closely as 
possible, but the text will be modified where necessary, and numerous 
new figures introduced." 

In the interval of twenty years which has elapsed since the first 
appearance of the work, physiology has made much progress, espe- 
cially by the more full application to it of the light which has 
been derived from the other physical sciences. It has accordingly 
been necessary to add a great deal of new matter ; and this has 
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been well and fairly done, the new being skilfully welded Yriih. the 
old. We have a succinct and clear account of Professor Graham's 
researches in Osmosis and the CoUoid state, of Pasteur^s experiments 
on fermentation and putrefaction, of the correlation of forces and the 
rdation of Ihysical Forces, Vital Power, &a With regard to the 
latter snbjects Dr Beale conceives that the correlation between vital 
and physical forces holds good only in respect to those which are 
really physical forces manifested in living beings. The self-con- 
structing, self-maintaining and self-propagating power is referred 
to a something which seems totally distinct from ordinary force, and 
which may be termed vital power. This seems to be pretty much 
the view taken by most physiologists. The difficulty is to determine 
the range of the vital power, its limits being much more restricted 
by some physiologists than by others. 

With reference to Mr Darwin's view the editor says : 

" Looking at the &cts broadly and generally, there undoubtedly seems 
much in its favour, but when we oome to consider the structural changes 
which must occur in a single organ of one of the higher animals^ it is 
more difficult to accept his conclusion the anatomical diffei*ences be- 
tween corresponding tissues of closely aUied species are often so distinct 
that the anatomist familiar with them could distinguiBh one from the 
other. For example ^ there is a recognisable difference between the un- 
striped muscular fibres of the bladder of the hyla, of the common frog, and 
of the newt So with regard to the chemical composition of the correspond- 
ing solid matters, fluids, &c, of closely allied animals, remarkable differences 
may be demonstrated.' Such differences, affecting the minute structure and 
chemical composition of every part of the organism of creatures closely 
allied, are strong arguments in £etvour of the doctrine of the independent 
origin of distinct species." p. 40. 

Professor Beale s views on cells and the formation of tissues from 
them differ, as is well known, in many respects, from those usually 
entertained. Instead of regarding the cell to be necessarily composed 
of ceOrwaU, ceU-contenta and nucleus, he describes it as a more minute 
' mass of germinal matter,' separated from other similar contiguous 
masses by * a little soft formed matter' which 

** IB changed into a soft, passive, transparent homogeneous substance, exhibit- 
ing a membranous character (cell-wall), this henceforth protects the matter 
within, and, at the same time, being permeable to fluids, nutrient matter 
passes through it into the interior and undergoes conversion into living 
matter, which thus increases.** p. 77. 

We must confess that we have never felt satisfied with the 
reasons the author gives for the view, which he so positively main- 
tains, that " the formed material of which the envelope is composed 
results from the death of the living matter," and that the interior 
of the cell (the nucleus) is alone "Hving germinal matter" and 
" concerned in the active changes that take place ;" that " the formed 
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matter has ceased to live and can never again acquire the properties 
it has lost." The internal germinal part passes, as he affirms, unin- 
terruptedly into the external formed part ; and it is rather a fine 
distinction to speak of the one as living and active, and of the other 
as dead and powerless ; especially when we observe that changes are 
taking place in the external membrane or formed part, changes which, 
even in the different varieties of epithelium, do not seem to be 
sufficiently explained by the operation of external influences. In 
most cells, too, an enlargement takes place throughout the whole 
thickness of the cell-wall, which appears to indicate a process of 
interstitial increase, or growth, rather than a mere distension of the 
outer part by addition from within. Moreover, if we understand 
Dr Beale^s views aright, some of the active functions, such as 
muscular contraction and nervous influence, are eflected by means 
of the formed material We can understand that certain of the 
important processes, such as those of appropriation and conversion 
of the nutritious materials, imbibed by the cell, may take place 
in the internal germinal part, and in this respect each cell would 
resemble an entii*e animal; but we are unwilling to admit that 
the exterior of the cell possesses none of the vital properties and 
is a mere passive, lifeless agent, and that indeed a large part — 
perhaps the larger part — of our bodies, being composed of cell- 
walls, is in this condition. Some more cogent reasons than are 
adduced for such a view are needed for its acceptance. It seems 
also to be opposed to the multiplication of cells by division, a pro- 
cess which Dr Beale admits ; though his description of the mode in 
which it takes place is not quite clear. 

The nuclei and nucleoli are held to be by no means essential 
features in the cells nor, indeed, always present. They 

'^are but new living centres appearing in preexisting centres, and they 
may be supposed to mark off another series of changes in the matter 
in which they appear, differing perhaps in some minor particalarB 
from the first changes which occurred." ^' They are always more intensely 
coloured with alkaline colouring matters than other parts of the living 
or germinal matter, a &ct which is aloce sufficient to shew the difference 
between a true nudeolus or centre and an oil globule, which has often been 
wrongly termed a nucleolus." p. 88. 

In the development of tubes and fibres from cells Dr Beale 
maintains that there is not, as usually stated, a shooting out of 
processes from the cells, which meet those of other cells and 
unite, but 

*'The masses of germinal matter are continuous with one another; 
so that) in fact^ the connecting processes or tubes are connected from the 
first, and, as growth takes place, the connectiug tubes become thinner and 
thinner, being as it were gradually drawn out as the masses of germinal 
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matter become separated farther and &rther from one another.** p. 76. 
"These cells and tubes,'* speaking of the structure upon the sur£Ebce of 
a tooth, ''do not, however, constitute an elaborate system of channels 
for the distribution of nutrient material to the tissue which intervenes 
between them, as Yirchow and his school maintain.'' p. 84. 

Although we are not prepared fully to admit Dr Beale's views 
on the difference between the 'germinal' and the 'formed matter* 
of cells, we have no doubt that process of cell-growth required 
a careful reinvestigation under the higher microscopical powers 
and other improved methods of examination which Dr Beale has been 
able to apply to it, and we shall be glad to find the results which 
he has obtained receive the confirmation of other careful workers in 
the same field. 



Atlas dbr Gehoboroanqes, von Dr Biidinger, Part I. small folio, 15«. 
Dr Rudinger is prosector of Anatomy at Munich, and in this Atlas he 
has furnished an additional example to that previously rendered by him 
in his very beautiful series of photographs of the nervous system of the 
application of the photographic art to the illustration of anatomy. The 
photographs in this Atlas of the ossicles of the exterior and interior of 
the osseous labyrinth, Ac are very good, and the description in the letter- 
press is full; but there is nothing new of importance. 



AkLEITUMO ZU pen PrAPARIRUBUKOEN UND ZUB BEPETrriON DEB 

j>E8CBiPnvEN Anatouie PES Menschen, vou Julius Budge, Professor der 
Anatomie und Physiologic, Director des anatomisohen und zoologisohen 
Museums der Universitat Grei&wald. Erste Abtheilung fur die Pitipa- 
rantem im ersten Semester. Bonn, bei Adolphus Marcus, 1866. 

This dissector's guide for first-year's students, emanating from so able a 
man as Professor Badge, is calculated to maintain the reputation of the 
German schools for the teaching of practical anatomy. The Professor 
recommends that the dissection of the subject should commence with the 
posterior surface; and it would be well, as is indeed the practice in the 
Dissecting Booms in the University of Edinburgh, to follow this advice 
sometimes, as parts which are now often carelessly dissected, in consequence 
of their not being approached till decomposition has set in, would then 
receive more attention. He finds the best preserving fluid to be a mixture 
of half a pound of sulphuric acid, two-thirds of a quart of water, and one- 
tenth of a quart of acetic acid thrown into the arteries, but even this has 
the disadvantages of destroying colour and rendering the muscles somewhat 
brittle. 



Tapeworms; their Sources, Nature, and Treatment, by Spencer 
CoBBOLD, M.D. F.RS. Longmans, 1866. This little book is practical in 
its character, not intended to supersede the author's larger treatise on En- 
tozoa^ and does not contain any thing of anatomical interest beyond what 
has been already communicated by him. In an appendix he refutes the 
prevalent notion that the pig is the most fertile source of human eutozoa, 
and shews that the l^osnia niediocandlata, which is the most frequent 
infester of man, is commonly derived from eatii^g beef. 
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REPORT ON THE PROGRESS OF ANATOMY, from 1#< Jawwxry 

to \8t Jvly, 1866, by Wm. Turner, M.B. 

Observations on the connectiye substance, and the process of ossification 
which occurs in it^ are related bj Leonard Landois (Siebold and Kolliker's 
Zeitschri/t, Ist Part, 1866). He supports the view that the embryonic 
connective tissue is a mass of protoplasm with nuclei imbedded in it 
In the course of development the protoplasma lying next the nuclei dif- 
ferentiates from the peripheral portion; it sends out processes which vary 
in number, and form sometimes a spindle-like, at others a star-like con- 
nective tissue corpuscle; these processes anastomose, and form a cell net- 
work, which possesses, however, no cell-wall. In the meshes of this cell 
network lies the peripheral part of the protoplasm, which forms the basis, 
substance, or "parietal substance," as Remak named it. This parietal 
substance may persist* as a gelatinous, structureless material, as in the 
mucous tissue found in the umbilical cord and vitreous humour^ or it may 
tindergo fibrillation, as in the ligaments, tendons, and other denser forms of 
connective tissue. The author^s observations on ossification were made on 
the tendons of birds. He holds, with Yirchow, that the anastomosing 
corpuscles of the connective tissue become converted into anastomosing 
bone-corpuscles, the nucleus of the one becoming the nucleus of the other, 
whilst the fibrillated 'parietal substance' is impregnated with calcareous 
salts. 

Bile-Ducts. The recent observations of Mao-Qillaviy on the arrange- 
ment of the finest bile-ducts in the lobules of the liver (SitzbericlUe der XaU, 
Akad, der Wiasenschaft in Wien, Bd. 50) have caused renewed attention to be 
directed to this subject Irminger and Frey (Siebold u, KoUiker^a Zeitackrift^ 
2nd Part, 1866) have made numerous injections, and have obtained tiie 
most satisfactory results in the liver of the rabbit. They, more or less, 
completely filled a close network of fine gall-duct capillaries, which reached 
from the interlobular ducts to the centre of the lobule, and the meshes of 
which wound around the individual liver-cells. Under a high magnifying 
power this network was seen to be very regalar, without varicosities^ with 
sharp contours, and distinct from the venous and lymphatic plexuses which 
are also present in the lobules. Additional evidence in favour of the opinion 
that the bile-duct capillaries are situated between the liver-cells is advanced 
by Oskar Wyss (Virehow^s ArchiVy April, 1866), who in the examination 
of icteric livers observed that the very finest Bile-Ducts were distended 
with bile in various places within the hepatic lobules. He examined their 
relations to the liver-cells, and found that they formed a network, in the 
meshes of which the liver-cells were situated. But the most curious ob- 
servations on this subject have been contributed by Chrssonszceewsky ( Vtr- 
ehow^a ArckiVf Jan. 1866). His preparations were made by a new 
method, by what he calls a natuiul physiological injection. This consists 
in administering to a living animal a coloured solution, which being 
excreted by a certain organ or organs, tints the fine ducts or tubes aloDg 
which its colouring matter proceeds in its outward passage. He has found 
that the substance known in commerce as indigo-carmine, the sulphindigo- 
tate of soda, may be administered to an animal either by direct injection 
into the blood, or by the stomach. If the dose be repeated three times 
within an hour and a half the urine and bile are both coloui*ed, and if the 
animal then be killed, and the organs placed in absolute alcoliol or chloride 
of potassium, the colouring matter is precipitated in the organs as a finely 
granular deposit. Lobules of the liver, examined according to this mode 
of preparation, exhibit a fine unbroken network of gall-duct capillaries 
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filled with indigo-carmine. They are mostly of nniform diameter and 
withont Taricosities. They are quite independent of the blood-vesselsy 
lie between the liver-cells which they enclose within their polygonal 
meshes, a single cell as a rule lyin^i; in each mesh. At the periphery of the 
lobule, and partly also around the vena centralis, this network becomes 
continuous with the larger ducts. All their characters indicate the pre- 
sence of a membrana propria for these ducts. 

Henid in the preface to the last part of his comprehensive Hcmdfmck 
der stftteimatiachen AruUamie dea Menschen, 1866, Gottingen, admits that 
he was in error in describing two independent sets of tubuli urinifeu 
in the kidney. He now agrees with Schweigger-Seidel that a convoluted 
wide canal acts as the medium of communication between the ascending 
part of the 'looped" uriniferous tube and the beginning of larger tubes 
formed by the union of those which are more minute. Hence the tubes 
which open at the apices of the pyramids are continuous with those which 
proceed frmn the Malpig^ian cf^psules. 

Julius Arnold (Virchow^s Archivy Jan. 1866) relates his observations 
on the minute structure and chemistry of the Supra-renal Capsxtles. He 
subdivides the cortical part of the capsule into three zones, which he names 
zona glomerulosa, fasciculata, and reticulari& The entire cortex is built 
up of interstitial connective tissue and parenchyma corpuscles, which are 
differently arranged in the different subdivisions of the cortex. In the 
zona ^omerulosa the interstitial connective tissue limits roundish spaces, 
the interior of which is traversed by a reticulum, in the meshes of which lie 
roundish, nucleated parenchyma corpuscles. Owing to the connective tissue 
in the zona fasciculata being arranged in a longitudinal direction, this sub- 
division presents a columnar-like appearance. Between these columns the 
reticulum and the parenchyma corpuscles are situated. The zona reticularis 
oonsistB of a network of connective tissue symmetrically arranged, in the 
meshes of which the parenchyma corpuscles are enclosed. The medullary 
part of the supra-renal capsule consists of interstitial tissue and parenchyma 
corpuscles. The interstitial tissue bounds longish oval spaces in the peri- 
pheral part of the medulla, which are arranged in two rows, one over the 
other, and lie with their long axes perpendiculai* towards the central vein. 
These spaces are subdivided into still smaller parts by a delicate reticulum, 
in which large nuclei with the portions of protoplasma belonging to them 
are situated. In the central part of the medulla the interstitial tissue 
forms a net with small meshes, containing the parenchyma corpuscles. 

The blood-vessels of the zona glomerulosa are arranged in the form of 
glomeruli, which correspond to the spaces already described in this part of 
the cortex. The vessels of the zona fasciculata extend at tolerably regular 
intervals from each other, in a radiated manner, from the periphery towards 
the medulla. They lie in the connective tissue which marks out the 
columnar arrangement of this zone, of which they form important con- 
stituents. In the zona reticularis the vessels form a veiy fine network, 
the meshes of which contain the parenchyma bodies. The general course 
of the vessels in the cortical substance is as follows : from the glomeiiili 
situated in the outer pai*t of the cortex tolerably wide vessels proceed, 
which traverse the zona fasciculata in a radiated manner, and then, by 
subdivision of thene and reunion, the fine vascular network of the zona 
reticularis is produced. The vessels of the medulla arise out of the capil- 
lary network of the zona reticularis as fine venous roots, which at first lie 
parallel to the outer surfiice of the supra-renal capsule, and then extend 
towards the central vein. Between these veins sinus-like spaces are inter- 
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calated, which, like the vessels, possess a homogeneous and very delicate walL 
Arteries and veins occnr in the central part of the medulla; the former 
spring from the arteries already described in the cortex, form a network in 
the medulla, from which veins arise and pour their blood into the central 
vein. The arteries which carry blood to the capsule are fi*om fifteen to 
twenty in number, and from their very complete distribution within the 
organ it must be regarded as one of the most vascular of organs. The 
paper concludes with some observations on the chemistry of the capsules. 
[The description of the cortical part and the distribution of the blood- 
vessels correspond, therefore, on the whole, with that given by Kolliker : 
but the views of Kolliker and Ley dig as to the nerve-ganglionic nature of the 
corpuscles contained in the medullary parts are not confirmed by Arnold.] 

Chrzonszczewsky (VirchouD'a Archiv, Jan. 1866) furnishes additional 
observations on the much disputed question as to the existence of an 
Epitheual lining to the air-vesicles of the lukos. He examined the 
lungs in the frog, the blind worm and the coluber natrix. In each alveolus 
he found a complete, uninterrupted, tesselated epithelium covering the 
capillaries. 

Eberth {Virchou^s Archivy March, 1866) relates some observations 
made on the intimate structure of the Ciliated Epithelium afber acting 
on the cells with very dilute acetic acid and aniline. He finds within the 
cells a delicate longitudinal striation. The striae are formed of a finely 
granular substance; they do not lie on the same plane, but are formed of 
the cell protoplasma, and are prolonged into the cilia themselves. He is 
not quite clear how they are related to the nucleus of the cell. 

Chrzonszczewsky (Virchow^a Archiv^ Jan. 1866) advocates the view that 
the finer Lymph-vessels take their rise from the anastomosing prooesses 
of the corpuscles of the connective tissue. His observations were made on 
the peritoneal coat of fowls whose ureters had been tied some hours before 
death. He found that when the delicate serous membrane was examined 
in glycerine, the connective tissue corpuscles were filled with a finely 
granular mass of urates and that the lymph-vessels were also filled with 
the same material. The union of the processes of the connective tissue 
corpuscles with the lymph vessels could be distinctly seen. That the 
granular contents of the corpuscles and lymph-vessels were really urates 
was proved by the well-known reaction with nitric acid and ammonia. 
The author concludes from these experiments that the urates arise in the 
connective tissue and are carried away from it by the lymph- vessels. 

Chrzonszczewsky (Virchaw^s Arckiv, Jan. 1866) describes his researches 
into the structure of the Capillary Bloob-vksbels. He states that the 
walls of the capillaries consist of two layers, a structureless membrane and 
an epithelial layer, that the epithelium of the capillaries is flat and spindle 
like, whilst that of the small arteries and veins is polygonal, between 
which transitional forms lie : that the well-known nuclei of the capillaries 
are the nuclei of their epithelial lining. 

Observations on the Structure op the Cord op the SYMPATHEna 
By L. G. CouRVOisER {Sckukz^s ArcMv, il 13 — 45). 

R BisoHOFF has recently made a minute examination of the Anastto- 
MOSES OF THE Cranial Nerves {Gekrd(Ue Preisckri/t, MUnchen and Central- 
hlaUj Feb. 1866). — The following are some of his principal conolusiona. 
There ai*e no anastomoses between the three chief nerves of s^pecial sense 
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and oUier uerves, that between the auditory and fiusial through the portio 
iutermedia is only apparent The chorda tympani, by far the largest part 
of which is a branch of the fiicial, is also connected with the otic ganglion, 
from which indeed fibres running both peripherally and centrally pass into 
the chorda tympanL The auricular branch of the vagus is very variable ; 
it may be absent, but mostly arises from the vagus and glosso-pharyngeal, 
and very commonly branches proceed from it which join the &cial. The 
Jaoofasonian anastomosis between the otic and petrous ganglions and the 
plexus on the internal carotid is a true plexus, and the nerves derived from 
it for the Eostachian tube proceed from all three sources. He constantly 
found a microscopic ganglion on the nerve proceeding from the lesser super- 
ficial petrosal to the fenestra ovalis, and denies the existence of the usually 
described anastomotic branch between the lesser petrosal nerve and the 
knee-shaped bend of the facial ; with Beck he regaids this supposed branch 
as a small artery. He holds it to be impossible to separate the accessory 
and vagus in the jugular foramen whilst the anastomosis between the vagus 
and hypoglossal is only apparent 

An Anastomosis between Central GANOLioN-csLLa By L. Besser 
{Vitehow'a Archiv, May, 1866). 

A systematic description of the mode of arrangement of the Convolu- 
nONB OF THE HuMAN Cerebrum is given by W. Turner {Edinburgh Medical 
Jowmal^ June, 1866, republished, with additions, as a pamphlet). In this 
essay are incorporated the results of the most recent inquiries into the 
arrangement of the convoluted surface of the hemisphere, which have 
proved that the gyii, instead of being without order or method, possess 
precise morphologioEd positions and relations. Attention is drawn to 
the importance of studying the arrangement of the convolutions in connec- 
tion with the physiology and pathology of the cerebrum. 

On the Weight of the Brain and the circumstances affecting it By 
John Thumam {Journal of Mental Science^ April, 1866). In this paper, 
which is illustrated by numerous tables, the author discusses the influence 
which sex, age, weight and stature of the body, ethnological characteristics 
and race, social position and education and disease, particularly insanity 
and idiocy, exert on the average weight of the brain. 

Bochdalek (Prager Vierteljahrschri/t, Ist Part, 1866) relates a case in 
-which external Ossification of the Auricula of the left Ear, and traces of 
ossification in the upper part of the right anti-helix were observed ; and a 
prepaitttion in which there was congenital defect of the membrana 

TTMFANI. 

Kiemetschek (Prager Viertdjahrschri/t, 1st Part, 1866) describes a 
fine capillary network in the Macula Lutea of the Retina, which is often 
described as non-vascular. His injections were made in the eyes both of 
children and adults. 

The Anatomy of the Fovea Centralis of the Human Retina is described 
by J. W. Hulke {Proe. Bay. Sac. LwuUm, June 14, 1866). The fovea is 
a minute circular pit in the inner sur&ce of the retina, its edge is the 
most raised part in the macula lutea where the retina is thickest, its 
centre the most depressed part where the retina is thinnest. At the 
centre of the fovea the structures from without inwards are as follows : 
baciUary layer and outer limiting membrane, a little finely areolated 
connective tissue, the inner granule-layer and ganglionic layer very 
attenuated, a thin granular band containing optic nerve fibres and the 
internal limitary membrane. The arrangem^t of these structures is then 
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detailed and yarious deductions as to the physiology of the part are based 
on these structural differences. 

An elaborate paper on the Anatomy and Physdology of the Betiiia is 
given by Max Soultze (Arckiv f. Micro^, AncU. Bd. 2). Prof Scultze, who 
has already contributed so much to our knowledge of this difficult piece of 
anatomy, employs perosmic acid, which he finds a material particularly 
useful for bringing out the characters of the retina. The 'cones' and 
'bacilli' forming the outer sheet of the retina (Jacob's membrane) are 
found to present a close resemblance to nerve-fibres and are judged to be 
the perceptive elements; the light passing through them and being re- 
flected back upon them from their outer or peripheral parts which differ 
from the rest in structure. The cones (Zapfen) are alone present in the 
axial or yellow spot of man and apes; but over the rest of the retina the 
bacilli (Stabeben) exist in greater proportion than the cones, surrounding 
them, so that two or three bacilli are placed between every two cones. 
In animals moving about in twilight or gloom, as owls, bats, moles and 
hedgehogs, there are no cones; whence it is inferred that the latter are 
perceptive of the quality or colour and the bacilli of the quantity of light 
In Birds (owls excepted) the cones preponderate over the bacilli, reversing 
the relative proportions that are found in man and most mammals ; and 
they have, in the outer part of the inner division of each, a circular spot or 
nucleus which, in most instances, is of yellow, or red, or deep ruby colour. 
Among Reptiles, the chelonians resemble birds ; lizards and serpents have 
only cones, some presenting the yellow pigment spots like those of birds. 
In Amphibia the bacilli are large and thick, the cones small with a &int 
yellow or colourless spot in esush. Osseous fishes have cones and baciUi like 
ordinary mammala Rays and sharks, however, resemble bats and owls in 
being devoid of cones. Many other points are discussed — the structure 
of the outer layer of the retina, its development, &c. ; indeed it is a very 
elaborate valuable paper and copiously illustrated. 

Bochdalek {Prager Viertdjahrschrift^ 2nd Part, 1866) describes various 
modifications in the arrangement of the Lachrymal Apparatus : increase 
in number of the punota lachrymalia, and lachrymal ducts ; variations in 
their size and in the mode of opening of the duc^ into the lachrymal sac ; 
modifications in the form and structure of the sac itself, and of the nasal 
duct proceeding from it 

McJSCULUS TRiTiCEO-OLOSSUS. Bochdalck junr. (Prager ViertdjeJarschri/l^ 
2nd Part, 1866) describes a muscle hitherto entirely overlooked, except a 
brief statement in Henld's Anatomy, which arises from the nodule of car- 
tilage (corpus triticeum) in the posterior thyro-hyoid ligament, and passes 
forwards and upwards to enter the tongue along with the Kerato-glossua 
muscle. He met with this muscle eight times in twenty-two subjeetSL 
It occurred in both sexes, sometimes on both sides, at others on one only. 

J. B. Pettigrew gives the following results at which he has arrived by his 
exquisite dissections of the muscular fibres of the Bladder and Peostatb 
(Proe. Royal Soc, xv. 244). The muscular fibres of the bladder are arranged 
spirally, forming figure-of-d loops, the superficial more longitudinal or drawn 
out, the deeper more circular or flattened. They are in four sets — an 
anterior and posterior, and a right and left lateral ; the latter accesaoiy 
and less fully developed. The fibres are arranged in seven strata, three 
external, three internal, and a middle, pursuing well-marked directions in 
each. The external and the internal are the most oblique ; their obliquity 
diminishes towards the central stratum, which is formed by the blending of 
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tkeur tettwhul at innavene portions. A close analogy is thus traced 
between the disposition of the muscular fibres of the bladder and those of 
the heart, as doBcribed by Pettigrew in PhUoa, Tr<ms, 1864 ; and he hints 
at simikr structure in the stomach and uterus. 

Hermann Meyer {Virduno^a Arehiv^ February, 1866) contributes an 
important memoir on the mechanism of Skoliosis. 

Ist He distinguishes pure skoliosis firom its complications. 

2nd. Pure skoliosis is yeiy rare, and appears only to arise in the 
forward stoop of old people. 

3rd. The complex form is the most common ; it takes its rise during 
childhood, and is chiefly found in the dorsal Tertebne, and in this latter 
form the pure skoliosis is associated with lordosis and a spiral twisting of 
the vertebral column. 

ith. The complex lordosis is, according to its degree, either relative or 
absolute; but if the lumbar region is also skoliotic, then a relative or 
absolute kyphosis occurs. 

5th. The spiral twisting, as such, is not an independent movement^ 
but is only the expression of a stix^nger outward movement of the bodies of 
the vertebne. 

6th. Lordosis is also a form of the more marked outward bulging of 
the bodies of the vertebne. It may therefore partly replace the spiral 
twisting, and vice versd, 

7\h, The skoliotic form of the thorax is a consequence of the spiral 
curvature. 

8th. This arises partly from change of position, and partly from 
change of fonn of the ribs. 

9th. These changes are due to the individual action of the three, 
fiictors working to produce complex skoliosis, viz. skoliosis, lordosis^ and. 
spiral twisting. 

10th. The uufiymmetrical form of the vertebne involved in skoliosis is 
chiefly due to the reaction of the ribs. The direction of the spinous 
pnx^sses is moreover modified by the traction of the mut>cles» and the form 
of the body by the outward btdging of its osseous centre. 

On the HisTOLOoY of the Articitlar Surfaces A2n> Capsules, with 
critical remarks on the 'silver process.' By C. Hueter (Virohow^a Archive 
May, 1866). 

On certain poiDts in the Morpholooy of Cleft Palate. By John 
Smith {Proe. Roy. Soc. Edinburgh^ Feb. 19, 1866). The observations o£ 
Engel, on childroi born with a clefb in the hard palate, show that the 
maxillary bones are not only ununited, but more widely separated from 
each other than in the natural condition. From the measurements of 
sixteen cases of clefb palate in the adult the author has observed that the 
transverse distance between the palatal sides of the upper pair of anterior 
bicuspids is considerably less than in a well-formed jaw. Hence, whilst in 
the infioit with cleft palate there is abnormal sepanUum^ in the adult there 
is abnormal fjtppraxiafnatum of the parts on each side of the fissure. 

Saxinger (Prager Vierleljakrsckriftj 1st Part, 1866) describes several 
cases oi Congenital Malformation of the Uterus : viz. a case of uterus 
unicornis of the left side, which had a cord-like right rudimentary horn 
connected to it dose to the orificium internum ; both ovaries were large, 
and in the left a true corpus luteum was situated. A case of uterus bicomis 
in which the horns, symmetrically developed, were separated by a partition 
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extending half way down the cavity, but the lower half and the cervix had 
no septum. The vagina close to the external os was simple, but for the 
i*eet of its extent wsus separated into two parts by a septum. The light 
half of the vagina had at its orifice no hymen, but a distinct circular one 
existed on the right side. A case of uterus foetalis in a woman aged 51, 
where the ovaries were completely absent; and some cases of atresia 
vaginiB. 

W. Turner {Edinburgh Medical Jowmdl^ May, 1866) relates two cases 
of Uterus Bioornis unicollis in each of which the left horn was rudimen- 
tary, and no communication could be found between its cavity and the 
canal of the cervix or vagina. In both cases the left horn was pregnant. 
The author discusses the mode in which impregnation was effected, and 
considers it is probable, the direct passage of the semen being prevented, 
that the spermatozoa passed through the horn and tube of the right side 
into the mouth of the left tube, down which they proceeded into the rudi- 
mentary left horn. 

Spaeth {GefrUralrblaU, Feb. 1866) describes a case of Uterub bilocu- 
LABis in which a foetus occurred in the right half of the uterus. The tubes 
on both sides were permeable. The corpus luteum was in the left ovaiy. 

W. M. Banks {Glaegov) Medical Jowmal^ June and July, 1866) gives a 
resume of the most recent observations 'On the development of the 
Generative System.' He incorporates in it an account of his own 
researches, which formed the subject of his Prize Thesis, published in Edin- 
burgh in 1864. 

A. P. D. Handyside (Edin, Med. Jou/maly March, 1866) gives an account 
of the Arrested Twin Development of Jean Battista Dos Santos, which has 
already been described by Wm. Acton {Lond. Med. Ch. Tr. xxix.), and Ernest 
Hart \Lomcety July 29, 1865). There is a double penis, each perfect and 
large ; also a double scrotum, each scrotum containing a large t^icle in its 
outer compartment, the testicle, believed to have existed in the internal 
compartment, having, it is said, retired into the abdomen in boyhood. 
A middle lower limb hangs from behind the scrotum, connected arthrodially 
with a process projecting from the pelvis, and is double in many of its parts 
— a representative, in short, of two limbs. 

Abnormal Size of the Parietal Foramina. Wrany {Prager Vier- 
teljakrachrift, 2nd Part, 1866) describes four crania in which the parietal 
foramina were unusually large. In the first the left foramen was large 
enough to transmit a raven's quill, the right was somewhat smaller. 
In the second these foramina were oval, the left being nearly one-fourth 
of an inch long by one-twelfth broad, the right nearly half an inch 
long by one-fifbh broad. Furrows in the bones for branches of the menin- 
geal artery proceeded to these foramina. In the third, oval parietal foramina 
existed, of which the right measured nearly three-eighths by one-fourth of 
an inch, the left nearly one-third long by somewhat less than one-fourth of an 
iuch broad. Vascular furrows also proceeded to them. In the fourth, four- 
fifbhs of an inch from the posterior border of the parietal bones, two round 
foramina occurred, which were united by a fine fissure running through the 
sagittal suture. The right foramen measured four-fifths of an inch, the 
left about three-fifths. Distinct arterial furrows proceeded to the maigins 
of these openings. In all the oases the part of the sagittal suture lyiog 
between the enlarged parietal foramina was obliterated. Wrany oonsideTB 
that the large size of these openings is correlated with an enlarged condition 
of the perforating branches of l^e meningeal arteries, and compares his 
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08 with one prerioiuly described by W. Turner in tbe Edinbu/rgh 
Jawmal^ Angost, 1865. 

SL Welcker of Halle contributes to the newly established German 
anthropological joomal {Arehiv fiir AnJthropclogie^ Heft l 1866) an elabo- 
rate Craniological Mem gib, in which he describes his method of depicting 
and measuring crania^ and his mode of determining the age and sex of a 
akulL He discusses also brachyoephalism and dolico-cephalism more espe- 
cially amongst the (Germans, and the relation between the breadth and 
height of crania. 

W. Ebstein (Rdchert and Du Bote Reymond's Arehiv, Part 2, 1866) 
describes a case of CoNGSinTAL Insuffioibnct of the Tbicubpid Valve, 
conjoined with absence of the Thebesian valve, and a patent condition of 
the foramen ovale^ and W. Gruber (Reichert and Du Boia Reymond^$ 
ArMv, Part 2, 1866) relates two additional cases to the one previously 
recorded by him in the same Journal, in which the Vena Hsmiaztqa 

OPENED INTO THE SIOHT ATRIUM OF THE HEART. 



REPORT ON THE PROGRESS OF PHYSIOLOGY, >om 1^ Jofttiary 
to let Jvly, 1866, by William RuTHsaiFOBD, M.D., Astutcmi to tks 
Frqfesaar of the Institutes of Medicine, Edinbtergh, 

Actions of Poisoks. 

Pelikan {Comptes Eendtcs, No. v. 1866) has found that Nerium Oleander 
is a tme cardiac poison, and not, as Orfila supposed, an acrid narcotic. In 
frogs he observed that the first symptom produced by the poison was 
increased rapidity of the hearths action. After some minutes the rapidity 
diminished, the action became irregular, and the heart soon stopped in a 
state of complete relaxation. Contraction could be produced by an eleo- 
trical stimulus. With other cardiac poisons the heart stops in a state of 
contraction. Stoppage of the heart in diastole is exactly what occurs when 
the vagus in strongly irritated. 

Dr Brunton {Edinbwrgh Prize Thesis, 1866), in a most excellent Gradu- 
ation Thesis upon Digitaline gives the following as the results of his 
experiments. It acts as a diuretic even in health. Poisonous doses first 
occasion diminished frequency but increased strength of the cardiac pulsa- 
tions, together with contraction of the capillaries. The slackening of the 
heart's speed is due to the direct action of poison upon the heart, and not 
to the increased resistance offered by the contracted capillarie& After a 
short time the pulse becomes irregular, the capillaries dilate, the arterial 
tension diminishes, and syncope is apt to supervene. Lastly, the pulse 
becomes very rapid, and stoppage of the heart in a state of contraction soon 
follows. 

The following conclusions relative to the action of Agonitine have 
been arrived at by Dr Achscharamow (Reichert and Du Bois BeymtnuTs 
Archives, No. 2, 1866). 1st. Death is not due to paittlysis of the respiratory 
muscles, but to stoppage of the heai-t from paralysis of its motor ganglia. 
2nd. The first effect is irritation of the medulla oblongata, which is com- 
municated to the vagi. 3rd. Paralysis of the vagi supervenes, from con- 
tinued irritation. 4th. The temperature and blood-pressure are lowered. 
5th. The peripheral nerve-eudings and trunks are entirely paralysed. 
6th. Reflex function of the spinal cord remains intact. 7th. The brain 
is unaffected. 8th. It has no local action on the pupil. * 

The action of Carbonic Oxide has been investigated by Pokrowsky, of 
St Petersburg {Beichert cmd Du Bois BeymoruTs Arch, No. 1, 1866), and 
Traube (Abstiuct in CerUralblatt, No. 10, 1866). According to Pokrowsky 
poisoning by carbonic oxide produces symptoms of suffocation, identical 
with those due to poisoning with hydrogen, nitrogen, or carbonic add. 
He registei'ed the changes in the circulation by means of Pick's (of Zurich) 
chymographion, and found, from experiments upon dogs, that the symp- 
toms Bxe in all essential points identical with those produced by the inha- 
lation of hydrogen and carbonic acid. The symptoms occur in the follow- 
ing order : acceleration of pulse and increase of blood-pressure, restlessness, 
dyspnoea, spasms, retardation of the pulse with diminished blood-pressure 
and specific warmth, exopthalmos and dilatation of the pupil, cessation of 
respiratory movements, and, finally, stoppage of the heart's action; the 
systole becoming weaker and weaker, and the diastole more and more 
prolonged. The increased cardiac action in the first stage he refers to 
irritation of the cardiac centre in the upper part of the spinal cord (von 
Bezold), and the diminished action, to irritation of the vagi He supports 
the theory that carbonic oxide enters into combination with the b»mo- 
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globin, and thereby renders it incapable of oonveying oxygen to the 
tissues. With the above, the conclusions arrived at by Traube generally 
agree, but he ascribes the increased cardiac action to irritation of the 
sympathetic, for it occurred notwithstanding destruction of the oerebi'o-spinal 
ccntrea 

Hermann, of Berlin (Reichert and Du Bois ReymontTs Archives^ No. 
1, 1866), has been investigating the effect of An^ssthetics upon the blood. 
He finds that chloroform, ether, alcohol, chlorocarbon, amyl, chlorethyl 
and its chlorine substitutes, ethyl, methyl, and amyl alcohols, nitrous oxyde 
and olefiant gas, all possess a property hitherto ascribed to ether and- 
chloroform only; they dissolve the blood-corpuscles, leaving behind a colour- 
less viscous granule representing the oorpuscla This is ascribed by Her- 
mann to the action of the anesthetic upon protagoui which aocor(ting to 
him forms a considerable portion of the corpuscles (vide paragraph Blood). 
Protagon was discovered by liebreich {Annalea de Ghemie et Pluxrmaciey 
No. 134) to exist in nervous tissue in considerable abundance, and Hermann 
supposes that anesthesia may be produced by the action of the ansdsthetic 
upon the protagon in the bnun. Although the blood-corpuscles are dis- 
solved by an excess of the anesthetic, such is not the case when it is in- 
haled, the quantity necessary to produce anesthesia being too small to 
dissolve the corpuscles. Of course no definite conclusion as to the mode 
in which the anesthetic acts can as yet be arrived at from this interesting 
research. 

Dogiel {Reiehert cmd Du Bois ReymoruTs Archives, No. 2, 1866), from 
numerous experiments on rabbits and frogs, concludes that the contraction 
of the pupil in the first stage of chloroformisation is due to irritation of the 
cerebro-spinal centres, causing increased action of the circular fibres of the 
iris; and that the dilatation of the pupil when narcotism is complete, is not 
due to any irritation of the sympathetic, but to suspension of the function 
of the 3rd pair. His experiments also support the theory of the inhibitive 
function of the vagus; he found that during the stage of excitement of the 
cerebro-spinal centres the heart's action was less rapid, and sometimes even 
stopped for a second or two, while during narcotism the action was much 
more frequent, the decrease being due to irritation, and the increase to 
diminished function of the vagi He divided the vagi, and then gave 
chloroform to complete anesthesia, no change in the heart's speed was then 
observed. 

Researches by Laschkewich on the Calabab Beak {Virchow^s Archives, 
Feb. 1866) confirm but do not add any important &cts to those disco- 
vered by Fraser and Robertson. Special notice ought however to be taken 
of the fact that he entirely confirms Dr Fraser^s obeenration — that,. when 
taken internally as well as when applied to the conjunctiva, the Calabar 
Bean produces contraction of the pupU. 

Guttmann, of Berlin, from experiments on the poisonous properties of 
Nitro-Benzole (Reichert and Du Bois ReymoTuTs Archives, No. 1, 1866) 
has been unable to confirm the observations of Letheby, that the symptoms 
of poisoning may appear from 19 to 72 hours after the poison has been 
taken; according to him they always appear shortly afterwards. It belongs 
to the group of narcotic poisons. Guttmann has also confirmed Kolliker*s 
statement that Conia has the same action upon the motor nerves as 
Woorara (Berlin Klin. Wochenschr. No. 5 — 8, 1866). 

Respiration. 

In the CentraJhlatt for 3rd January, Czermak (now of Jena) gives 
an account of an experiment to show that -the blood may be so sur- 



156 DR Rutherford's 

chained with oxygen that a state of apncea lasting even for a minute 
and a half may be induced. He took fifom three to six gentle inspira- 
tions in 15 seconds and then a final deep inspiration, and found that 
he could hold his breath for 30 seconds, but no longer. Again, he took 
from ten to eighteen inspirations in the 15 seconds and again ended them 
with a deep inspiration, he then found that a minute and a half elapsed 
before he felt the same desire to renew i*espiration that he had done 
in previous part of the experiment. He repeated the experiment an 
endless number of times with the same results. Rosenthal had previ- 
ously shown this to be the case by experiments on animals ; he opened 
both pleural cavities and kept up respiration by means of a pair of 
liellows, and found that after rapid inflation for some time the respiratory 
muscles remained at perfect rest for even a minute. 

Dr Drosier in an interesting article on The Functions of thb Aib- 
Cells and the Mechanish of the Bespi&ation in Birds (Proceedings 
of Cambridge Philosophical Society) combats the ordinary views regarding 
itie object of these cells, and puts forth the view that they form an 
auxiliary to the lungs; the abdominal and thoracic sets of air-oells 
alternately contract, and as both communicate with the lungs, they keep 
currents of air oonstantly playing through the latter. 



Circulation. 

Landois, of Grei&wald, from experiments made with Marey's Sphtg- 
moobaph used as a Cardiooraph, calculates that the heart's diastole 
occupies three-fifths and systole two-fifths of each cardiac revolution. The 
systolic period in this calculation includes the auricular and ventricular 
contractions. According to his observations also, the time occupied by 
the auricular contraction is sometimes a little shorter, at other times a 
little longer, than that occupied by the ventricular contraction ; a circum- 
stance which may with every reason render his conclusions of questionable 
value. Ceniralblaet, 10th March, 1866. 

According to Bonders {NederL Archiv voor Genees-en Naturk, il p. 
139, vide Cen^alblatt, 5th May, 1866) the duration of the cardiac systole 
is of very constant duration, so that the chief difference between a 
quick and slow pulse depends on the duration of the heart's pause. The 
first sound begins with the cardiac systole and continues during the 
whole period of the ventricle's contraction, immediately upon the termi- 
nation of which follows the second sound. 

Onimus and Yiiy, of Paris, have a long paper in the January and 
March Numbers of the J&wnwl de VAruxtomie on the tracings obtained 
with the Sphygmograph and Cardiograph; they recount numerous experi- 
ments serving to explain many of the phenomena of the circulation, and 
give a general sketch of the whole subject. The paper, however, is one 
which must be perused entire in order to be of much service. 



Nervous System. 

Czermak {JenoMche ZeiUchr, fikr Med, n. 384 — 386, vide CenJtraJIkAaU^ 
20th Jan. 1866) has found that by pressure upon his right vagus at 
the border of the stemo-mastoid he can produce a decided diminution 
in the frequency of the pulse : at the same time the inspiration becomes 
deeper and longer. These phenomena are ascribed by him to irritation 
of the vagus. He has not jsucceeded in peiforming this experiment upon 
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others ; in his own cafle be applies the pnossnre upon a little hard knot 
(posBibly a lymphatic gland), which perhaps facilitates the effect of the 
pressara 

Beredn, of St Petersburg (GentraMaUy 24th Feb. 1866), from researches 
on the lumbar nerves of the frog, concludes that impressions which 
produce sensation are conveyed along nerve-tubes distinct from those which 
convey impressions to produce reflex action. 

Setschenow (ffenle and P/euffer^s Zeitschr, (3) xxvi. p. 292, vide abs- 
stract in CefUralblaUj 28th April, 1866) relates an experiment which 
shows the remarkable sensibility of the skin of the frog for acid irritants. 
He poisoned a frog with alcohol, and then found that although violent 
pinching of the skin supplied by the sciatic nerve produced no diastaltic 
movements, its irritation by means of dilute bulphuric acid energetically 
called them forth. 

Pafichutin (Henle and P/evffery and CentrcUblaUy same numbers) con- 
tinues his researches on the Inbibitory Influence of the Brain upon Reflex 
Action (vide CerUralbUUt, 1865, p. 792). 

To his previous observations, that irritation of the brain increases 
"tactile'' reflex action (that produced by titUlation), while it diminishes 
the tendency to reflex action called forth by irritation of the skin with 
adds, he adds, that decapitation lowera the tendency to "tactile" reflex 
action. On division of the lateral half of the spinal cord the "tactile" 
reflex action on the same side, below the division, is lowered, while 
on the other side it is unaltered, or even increased ; but when the brain 
is cut off immediately below the corpora quadrigemina the difference 
between the two sides ceases. 

In the Edin, Med. Jowrnal for March, 1866, Dr Sanders has published 
a case of Aphasia, to which he has added an excellent r6sum6 of the 
whole question as to the seat of the cerebral faculty of speech. This 
case supports Broca's conclusion, that aphasia depends on lesion of the 
posterior part of the external or inferior left frontal convolution. In a 
second case, published by him in June, this portion of the brain however was 
affected to only a slight extent, the chief lesion occupying the anterior 
and external portion of the Island of Reil. Bearing on this question 
are important papers by Dr Moxon "On the Connection between loss 
of Speech and Paralysis of the right side." Bi^, and For, Med. Rev. 
April, 1866, Dr Hughlings Jackson, "Notes on Physiology and Pa- 
thology OP Language," Med, Times and Gaz. 23rd June, 1866, and Prof 
Gairdner, " On the Function op Articulate Speech and its Connection 
with the Mind a»d the Bodily Organs," pp. 39, Glasgow, 1866, and 
" Case of Aphasia or Speechlessness of Cerebral origin without dis- 
tinct Paralysis, and fatal with Epileptic Convulsions," pp. 15, Glas- 
gow, 1866. 

Muscular System. 

The Development of Striped Muscular Fibre in the Yertebrata 
is the subject of an excellent paper by Dr Braidwood {Brit, cmd For. 
Med. Rev. April, 1866). This paper is Dr Braidwood*8 thesis for which 
he obtained a gold medal at the graduation in Edinburgh in 1864. He 
has confirmed Savory and Lockhart Clarke's observation, that striped 
muscular fibre is developed from a molecular blastema ; he has extended 
the research by observing the development of the fibiillse and saroolemma. 
The following are his conclusions : Muscle is developed from a molecular 
blastema of an oleo-albuminous character; nucleated nuclei or cyto- 
blasts appear in it ; the blastema next undergoes a process of fibrillation, 
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the cytoblasts arrange themselres linearly between the fibrillse, and ulti- 
mately break up into " dusters of granules." A fibrilla at the earliest 
period of its existence consists of a chain of '^ globular particles" united 
by homogeneous blastema; these ^'globular particles" afterwards become 
square-shaped and form the "light spaces." The sarcolemma is formed 
from the molecular blastema; the cytoblasts contained in it however do 
not break up into granules, but continue as the nuclei of the sarcolemma. 

We have already two Myographions, Pfliiger^s and Du Bois Reymond's; 
to these Marey has added a third, by means of which muscular contraction 
may be studied in situ; with both Pfliiger and Du Bois' instruments 
muscles must be cut out and fixed to them, with Marey's myograph 
this is unnecessary. Marey terms the instrument " myographic forceps," 
from the fact that a portion of the body is seized by a pair of foroepa, the 
limbs of which are connected to one another by a joint at their middle ; 
while the one extremity of the forceps grasps the group of muscles, the 
other is connected with a moveable lever — similar to that employed in 
Marey's sphygmograph — ^bj means of a tube filled with water on the 
principle adopted in the construction of the cardiograph. The arrange- 
ments are such that the slightest vibration of the limbs of the forceps is 
communicated to the lever, the moveable extremity of which is brought 
in contact with a revolving cylinder, and produces a tracing upon it 
Marey has investigated the nature of tetanic contraction by grasping the 
muscles situated between the thumb and forefinger with the myographic 
forceps, and throwing the muscles into action by means of an interrupted 
galvanic current : the physiological facts he has ascertained thereby are 
not, however, new. The advantage offered by the instrument is, that by 
means of it variations in muscular contraction may be subjected to clinical 
investigation. (JottmcU de VAncUomie, May, 1866.) 

Phtsiological and Pathological Chemistry. 

Muscle, — Professors Fick, and Wislicenus of Zurich {LoneL^ Edin, aand 
Dvh. Phil. Mag, June, 1866) give an account of an experiment which 
seems conclusively to show the error of Liebig's theory that muscular 
power is derived from the oxidation of muscle, and the truth of that ad- 
vanced by Bischoff and Yoit, that the oxidation of hydrocarbonaceous 
material is the source of that power. They ascended the Faulhom, a peak 
of the Swiss Alps; during the ascent, for eighteen hours previous and six 
hours after it, they took hydrocarbonaceous food only: and it was found 
that the great muscular exertion had but very slightly increased the 
amotint of urea excreted, and that during the six hours after the ascent 
even less urea was excreted than before starting. Had the soiut;e of mus- 
cular power been the oxidation of albuminous material, the urea excreted 
during, and shortly after the ascent, ought to have undergone a very de- 
cided increase. They compare a muscle to a steam-engine ; the iron frame- 
work is represented by albuminous material, which is worn to some extent 
by the muscle's action, just as the iron is by the working of the engine ; 
in the muscle, as in the engine, hydrocarbonaceous material is burned to 
produce force. 

With the above condusions Professor Frankland agrees (Lond,, Edin. 
<md Dvh, McLg, September, 1866). After giving several very valuable 
tables of results of experiments as to the actual energy generated by the ox- 
idation of given weights of muscle, albumen, fat, <kc., he sums up a long and 
interesting article i^dth the following conclusions. ''1. A mnsde is a 
machine for the conversion of potential energy into mechanical force. 
2. The mechanical force of the muscles is derived chiefly, if not entirely, 
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from the oxidafcion of matten oontained in the blood, and not from the 
oxidation of the muscles them8elye& 3. In man, the chief materials used 
for the production of muscular power are non-nitrogenous; but nitro- 
genous matters can also be employed for the same purpose, and hence the 
great! J increased evolution of nitrogen under the influence of a flesh diet^ 
eren with no increase of muscular exertion. 4. Like every other part of the 
body, the muscles are constantly being renewed; but this renewal is 
scarcely perceptibly more rapid during great muscular activity than during 
comparative quiescence. 5. After the supply of sufficient albuminoid mat- 
ters in the food of man to provide for the necessary renewal of the tissues, 
the best materials for the production both of internal and external work 
are non-nitrogenous matters such as oil, &t, sugar, starch, gum, dec 
6. The non-nitrogenous matters of food which find their way into the 
blood, yield up all their potential energy as actual energy ; the nitrogenous 
matters on the other hand, leave the body ¥dth a portion (at least one- 
seventh) of their potential energy unexpended. 7. The transformation 
of potential energy into muscular power is necessarily accompanied by the 
production of heat within the body, even when the muscular power is 
exerted externally. This is doubtless the chief, and probably the only 
source of animal heat." 

Matteuci, in a letter to Professor Frankland (Ibid. October, 1866), 
while admitting the accuracy of the above conclusions, says that from his 
experiments upon frogs' muscles he ''cannot avoid conceding that the 
muscular fibre itself is also oxidized and burnt during contraction." 

Nawrocki of Breslau {CerUrcUblaU, June 2, 1866) has from experiments 
upon frogs* muscles come to a similar conclusion ; he finds that the 
albxuninous constituents of muscle are wasted during its contraction, a 
conclusion which had indeed been previously arrived at by Banke of 
Munich in his excellent researches upon Tetanus. 

Fick, Wislicenus and Frankland do not however deny that the 
albuminous constituents of muscle are wasted to some extent during its 
contraction, but the legitimate conclusion deducible from their researches, 
seems undoubtedly to be, that in normal conditions during contraction the 
oxidation of albuminous matter, bears a very small proportion to that of 
hydro-carbonaceous material. 

Virchow (Virckouia Archives, Feb. 1866) has made an interesting 
observation as to concretions in muscle of a pig, which were thought to be 
calcareous, and due to Trichinae. He found that they consisted of organic 
matter, which he thought was most probably Guanine, a substance closely 
allied to Uric Acid and Hypoxanthine (Sarcine). He concludes that pigs 
are subject to a disease which is accompanied by the formation of Guanine 
deposits, just as Gout is attended by the deposition of those of Urate of 
Soda; and supposes it to be a sort of Guanine-gout It shows that a veiy 
careftil examination must be made of meat supposed to be Trichinous, before 
it be definitely pronounced to be so. 

MiUc, — Urea has hitherto been regarded as an abnormal constituent of 
milk, but Leforthas obtained 1*30 gramme of Nitrate of Urea from 10 litres 
of ordinary cow's milk {Journal de Pha/rmacie et de Chemie, March, 1866). 
From researches on the influence of diet on the composition of milk {Cen- 
trctlblaUy 12 May, 1866), Ssubotin, of St Petersburgh, concludes, that in 
dogs a flesh diet increases relatively as well as absolutely the amount of 
fiit in the milk, and to a less extent the casein also : a vegetable diet di- 
minished the absolute quantity of the milk as well as the proportion of 
butter and casein : especially interesting is the fact, that a fatty diet caused 
such a diminution in the secretion that in some instances it totally disap- 
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peared, and only returned when another diet was adopted. He concludes, 
from the batter's being increased by a flesh diet and diminished by a tatty 
diet, that fat is formed from albuminous principles in the mammary gland. 

Blood. — Hoppe-Seyler, of Tubingen (Medicmisch-chemigche Untersf^ 
chungeriy 8vo, pp. 168, Berlin, 1866), has investigated more exactly the effects 
of Sulphuretted Hydrogen upon the blood and solutions of its Hsemoglobin 
combined with oxygen. The first effect consists in a diminution of the com- 
bined oxygen; in ammoniacal solutions, of Hsemoglobin no further decom- 
position generally occurs; in neutral solutions^ however, further action of 
the HS brings out an absorption band in the red portion of the spectmm, 
exactly midway between the lines C and D. According to Elaufmann 
and Itosenthal this is the Hsematin band ; but according to Hoppe-Seyler 
it belongs to no previously known colouring matter, for the band produced 
by acid Hsematin, solutions of Hsematin and Methsemoglobin, occupies a 
different position in the spectrum. He regards it as a compound of Hse- 
matin or Haemoglobin with sulphur, but has not been able to isolate 
it: it is produced, although an excess of oxygen be passed through the 
solution of Haemoglobin at the same time as the HS^ By still further 
action of HS a substance is produced which is olive-green in thin, and 
brownish red in thick strata, and does not produce an absorption band; 
at the same time sulphur and an albuminous substance is precipitated. 
Decomposition of the HS only occurs in the presence of oxygen, and is 
due to the formation of ozone. This is confirmed by Lewiason (Firehow^s 
Archives, May, 1866), who also corroborates Hoppe-Seyler's statement, that 
As H3 and Sb H, produce the same changes upon the blood as HS, and, 
like it, are in their turn decomposed, the peculiar absorption band observed 
after treating the blood with HS was also observed after its treatment 
with AsH^ and SbH,. In opposition to Kaufmann and Rosenthal's opi- 
nion that in poisoning with HS death is due to suffocation, Hoppe-Seyler 
avers that in true suffocation the blood is found to be almost destitute of 
oxygen, whereas in animals killed by HS the blood is rich in oxygen, and 
that animals die notwithstanding the simultaneous introduction with the 
HS of oxygen, sufficient not only to oxidize the HS, but to preserve life. 
He supposes that death is due to paralysis of the respiratory substance, 
owing to a compound being formed between it and the HS, or owing to 
its decomposition by the HS. Dybkowsky ( Hoppe-Seyler^s Medico-Ch^- 
miache Untfyrauchungeny 1866) has ascertained that the greater part of the 
oxygen contained in the blood is loosely combined with the Haemoglobin. 
BoUett (Sitzungshericht der Wiener Akad. Vol. Lii. p. 246) finds that if 
freshly whipped arterial blood be bhaken with clean iron filings it becomes 
darker in hue from two causes ; 1st, from purely mechanical destruction of 
the blood corpuscles; 2nd, from the ii-on*s abstracting oxygen from the 
oxygenated Haemoglobin. When iron filings are brought in contact with 
the blood, and the air excluded, the Haemoglobin is so altered that both 
the absorption bands of oxygenated Haemoglobin disappear, and instead of 
them a broad band appears between D and E in the spectinim; when air 
is admitted to the blood so altered, the two bands produced by oxygenated 
Haemoglobin again appear. The oxygenated Haemoglobin may also be 
reduced by shaking with finely divided tin, lead, antimony, and a neatral 
substance, sucfi as asbestos. Silver reduces it slowly, platinum and quick- 
silver not at all. Preyer (Centralblatt, 5 May, 1866), in an account of re- 
searches on the relations of oxygen and carbonic acid in the blood, says *'tbat 
the circumstance of Pfliiger, Schoffer, and his having found only a mini- 
mum quantity of oxygen in the serum of dog's blood, taken in connection 
with the fiu;t which he has ascertained, viz. that a moderately thick stra- 
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tnm of the purest serum gives the Hemoglobin absorption bands, dis- 
covered by Hoppe-Seyler, render it in the highest degree probable that all 
the oxygen of the blood which can be disengaged by a yacuum is attached 
to the colouring matter, by fiu: the greater portion being therefore con- 
tained in the blood corpuscles, while a minute quantity belongs to the Hse- 
moglobin diffused through the serum." As regards the carbonic acid, his 
researches give great probability to Femet's view, that the carbonic acid 
derived from the tissues forms a compound with phosphate of soda, which 
is readily decomposed in the lungs, and so gives up its carbonic acid to be 
expired. He has succeeded in forming this compound, the formula of 
which he has not as yet however determined. The Protagon discovered by 
Hermann in the blood {Eeichert and Du Bois EeymonfTs Arch. No. 1, 
1866) exists in the blood corpuscles, and is, according to his opinion, pro^ 
bably the phosphorized fat long recognised to be one of their constituents. 

Urins, — Schunck {Froe. Boy, Soe,j Jan. and June 1866) considers that 
normal human urine contains at least two distinct colouring matters, 
ooe of which is soluble in alcohol and ether, and has the formula CmH„ 
NOk, while the other is soluble in alcohol, but insoluble in ether, and 
has Uie formula C^HgyNOs. 

Cunisset (JawnM de Chemie MedicaUt Jan. 1 866) proposes the fol- 
lowing test for the presence of bile in urine. Add to urine in a test tube 
^tb of its bulk of chloroform, and shake; if the mixture become yellow, bile 
is present, and if it be allowed to stand, the chloroform sinks to the bottom, 
taking the colouring matter of the bile with it This test has evidently 
been suggested by Briicke^s method of Heparating the brown colouriog mat- 
ter of the bile; he pointed out, a good while ago, that if bile be shaken with 
chloroform it becomes yellow, and on stcmding the chloroform sinks to the 
bottom, drawing the Biliphaeine with it. 

Dr Keith Anderson {Ed, Med, JL Feb. 1866) has found, from re- 
Bcarchee on the daily excretion of Urea in typhus fever, that ''in all cases 
the quantity of Urea excreted daily, during the second week, was decidedly 
below the standard of health, notwithstanding that the patients were in a 
state of high fever, with the temperature and pulse muoh above the normal 
rata** The results are very different from those obtained by Parkes. 

Quinoidine, — One of the most interesting discoveries in recent Animal 
Chemistry is that by Messrs Bence Jones and Dupr^ (Froc, Roy, Soc. p. 73, 
1866) of a fluorescent substance diffused throughout all the tissues of 
man and of some of the lower animals. This substance, in addition to its 
being fluorescent like quinine, has, when isolated, ^' a very dose optical and 
chemioal resemblance to that substance, and when it is mixed with it, it 
cannot be separated from it : its discoverers therefore term it Animal Qui- 
noidine." It is ^* identical with the fluorescent substance which for some 
years has been known to exist in the lenses of man and animals." As has 
been pointed out, the discovery of this substance must give rise to new 
speculations regarding the nature of intermittent fever and the action of 
quinine as its remedy. The discoveiy was made during the progress of 
researches to ascertain the rapidity with which quinine becomes diffused 
throughout the tissues; they found that in guinea-pigs quinine passes into 
all the vascular, and most probably all the extra vascular textures in fifteen 
minutes: it takes three hours for the amount in the textures to reach its 
maximum ; for six hours it does not diminish ; in twenty-four it sinks 
considerably, and in forty-eight hours it is scarcely perceptible anywhere. 

Xanthin, — ^Alm^n (CerUralblatt, Jan. 20th, 1866) finds that ox's liver 
contains 0*02 — 0*024 per cent, of Xanthin. 

VOL. I. 11 
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Zeuein and Tyrosm. — -lUdziejewBky, of Poaen {Virchou^4 Arehdvea, May, 
1866), in an excellent paper on the occurrenee of leucin and tyrosin in nor- 
mal bodies, states tliat after many researches he comes to the conclusion 
that tyrosin never occurs in any organ in a normal condition. Leucin is 
present in very variable quantity in the liver, pancreas, spleen, lymphatic, 
salivaiy, thyroid and thymus glands; it is absent from the Inngs, brain, 
heart, and other muscles, blood, urine, bile and saliva; its presence in the 
kidneys and testes is doubtful. 

Glycogen, — ^Foster (Proc. Roy, Soc, Lond. Jan. 1866) has found a very 
considerable quantity of glycogen in the tape-worm and round worm 
(AjBcaris Lumbricoides) of the pig. A trace of sugar was found, but he 
could discover no sugar-forming ferment. Here we have an animal living 
on a fluid containing sugar-forming ferment in abundance, and yet accu- 
mulating glycogen. According to Dr Foster's supposition it either re- 
fuses tlie ferment or destroys it immediately on its being swallowed. 

Bizioy of Venice (Comptes Eendusy No. 12, 1866), has found a large 
quantity of glycogen in the tissues of acephalous molluscs, e.g. oyster, 
pecten, &c. 

The occurrence of glycogen in the organs of diabetic patients, which 
was ascertained by Grobe in 1864, was considered to be independent of the 
diabetes by Kiihne in 1865. JaiSTe, of Konigsberg, has investigated the 
subject {Virchow*s Archives^ May, 1866); he has found that glycogen seldom 
occurs in the organs of diabetic patients; it was found in only three in- 
stances, once in the brain, once in the spleen, and once in the pia mater, 
in a case where there was suppurative meningitis. These are the results 
from an examination of the organs of four cases of diabetes. He examined 
three normal brains, and found a large quantity of sugar-forming substances 

'^ Physiological Relations of Colloid substances." Mr AiiJiur Banaome, 
of Manchester (BrU. Med. JL Feb. 3, 1866), gives a r^sumi of the 
admirable discoveries of Graham, regarding the class of colloid substances. 
He makes some important suggestions regarding the assistance which they 
afford to explain the phenomena of digestion. He raises objections to the 
theory that Pepsine and Ptyaline act as oi'dinary ferments during diges- 
tion, and advances the following in its stead. ''The changes produced 
during digestion are chiefly brought about by purely molecular influences 
analogous to the so-called catalyses wrought by many inorganic substancea*' 
He thinks that Ptyaline and Pepsine are colloid substances which play the 
part of catalytes, by whose action flbrine, coagulated albumen <&&, are 
liquefied, rendered easily diifusable, and in consequence easily absorbed. 

Animal Heat. 

Pouchet {Jotimal de VAncttomiey Jan. 1866) recounts many intereeting 
observations on the congelation of aninuds, from which he concludes that 
complete congelation of an animal is incompatible with life. This concliuion 
is supported by Dr Davy {Proc, Roy, Soc. Lond. p. 250, 1866), by whom 
some of the experiments have been repeated. Pouchet supposes that death 
from local or general freezing is due to an alteration of the blood; by 
freezing, the blood- corpuscles are disintegrated; and according to hia theory 
the mischief done to the system at large is directly proportionate to the 
amount of blood so altered, and to the rapidity with which it reenters the 
general circulation, in other words, to the extent of the frozen part and 
the rapidity with which it is thawed. With this alteration of ^e blood 
by freezing we have, by the bye, been acquainted since the observations of 
Bottcher on that subject. That we may completely freeze a part without 
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destroying its vitality is preyed every day by prodacing looal anesthesia, 
after Richardson's method; we still want to know, however, the length 
of time daring which we may with safety keep up the frozen state. Any 
one generally acquainted with the multitude of facts which have been 
observed relative to the effects of low temperatures upon the body, will at 
once perceive that the explanation of Pouchet will not suffice to account 
for many of them. He seems to have overlooked the exhausting influence 
of cold upon the nervous system, and its depressing effect upon the vitality 
of the tissues in generaL 

Walther, of Kiew (CentrMlaUf April, 1866)^ has, from experiments 
upon rabbits, arrived at a theory as to the cause of death in animals ex- 
posed to cold, which is much more probable than Pouchet's. He found 
that when white rabbits were exposed to a temperature of from 31*7 to 42*4^ 
Fahr. the fundus oculi becomes pale from emptying of the capillaries of the 
retina and choroid, and that this appearance coincides with extinction of 
the functions of the cerebro-spinal system; moreover, he says that the 
symptoms of this mode of death are identical with thoee due to death from 
aniemia of the central organs ; he therefore supposes death from exposure 
to cold is due to anaemia of the nervous system and other organs. He has 
also found that we can revive a frozen animal, which has been apparently 
dead for forty minutes, by employing artificial respiration together with 
artificial warmth : and he further found, that all animals which have been 
frozen and resuscitated suffer during the following days a more or less 
marked loss of weight Shonld these experiments of Walther's be con- 
firmed, they will place the question of congelation of animals in a less 
hopeless light than Pouchet's have attempted to do ; if an animal which has 
been frozen and rendered apparently lifeless for forty minutes can be 
revived, the question as to the &tal change in the blood, upon which 
Pouchet lays such stress, need not much trouble us. 

The effect of the nervoas system upon animal heat has been made the 
subject of research by Tscheschichin (Eeichert omd Du Bois Reymond^s 
Arch, No. 2, 1866). The following are some of his conclusions: 1. The 
spinal cord, being the centre of circulation and respiration, has an indirect 
action upon the chemistry of the organism, and consequently upon the 
animal heat. 2. Section gf the spinal cord produces retardation of the 
circulation and distension of the vessels with blood, in consequence of which 
the radiation of heat is increased and the general temperature rapidly 
lowered. 3. Section of the sympathetic and all agents which produce pa- 
ralysis of the vessels have an effect upon the radiation of heat similar to 
section of the spinal cord. 4. Section of the medulla oblongata, where it 
joins the pons, produces violent febrile symptoms. 5. Physiological experi- 
ments, together with clinical observations, prove the presence in the brain 
of centres which regulate the temperature of the body. 



Animal Ikorafting. 

Who would have supposed that a rat's tail after removal of the skin 
might be kept in a glass tube for 62 hours at 15 — 17*^ Fahr. ; or kept for a 
still longer period in moist air at 121^ Fahr. ; or after being subjected to a 
temperature 31*^ below the freezing point; or, finally, after being dried in 
an air-pump over sulphuric acid, and enclosed in a glass tube for three days, 
then exposed to a temperature of 175° Fahr. in a hot air-chamber, and 
again enclosed in a glass tube for four days — who would have supposed that 
the unfortunate tail might be subjected to such a treatment and yet live 
on its being placed below the skin of the back of a rati These remarkable 

11—2 
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facts regarding the vitality of the tissues have been ascertained by Dr "Bert, 
assistant to Claude Benmrd, Comptes Rendtis^ ucii. p. 89, and Annales dea 
Scimcea NcEtwrdUsy 1866. Through Dr Berf s kindness I had an oppor- 
tunity of witnessing the results of two such experiments; in one^ the 
revived tail had been frozen, in the other it had been kept for three days 
in moist air at 121^ Fahr.; on the animal's being injected it was found 
that there was free vascular communication between the ingrafted tail and 
the surrounding tissues. He, moreover, finds that the tissues which have 
been subjected to such modifying influences are liable to fall into certain 
diseased conditions, the progress of which may be traced by killing the 
animal at different stages. In the prosecution of this research he is still 
engaged. 

He has also succeeded in joining together animals not only of the same 
but of different species, not only rats to rats, but actually a rat to a cat! 
He effected this by denuding corresponding parts of their sides, and then 
uniting by means of sutures the skin of the one animal to that of the other, 
and tying the two animals together so as to prevent their tearing them- 
selves apart. The practical importance of such researches does not require 
to be dwelt upon. 



Animal Electricity. 

Dr Radcliffe (^roc. Ray. Soc Lond, May, 1866) gives ''An Account of 
experiments in some of which electroscopic indications of animal electricity 
were detected for the first time by a new method of experimenting." He 
has arrived at the conclusion that the primary condition of animal elec- 
tricity is not current, as has been generally supposed, but staiiccd. Accord- 
ing to him, '' all parts of the surface of muscle or nerve are electrified with 
the same kind of electricity, positive or negative, as the case may be, the 
only diffei*ence between one part and another being one of degree," and the 
currents which are rendered evident by the galvanometer are '' secondary 
phenomena, developed accidentally by placing the ends of the coil of the 
galvanometer so as to include points in which the electricity is different in 
degree.*' In order fully to understand Dr Eadcliffe's proposition, it is 
necessary to remember that by means of the galvanometer a current may 
be shown to pass from the longitudinal to the transverse sur&ce of a muscle 
or nerve; it was in consequence said by Du Bois Beymond, the discoverer 
of this fact) that the longitudinal surface is charged with + , and the trans- 
Terse with — electricity. But Du Bois also ascertained that a current may 
be shown to exist between any two points of the longitudinal or transverse 
sur&use, which are not equidistant from their respective centres, and he was 
compelled to admit that this can only be explained by supposing that all 
the points on the two surfaces are not charged with electricity to the same 
degree, and that in consequence, a current may be obtained by bringing 
any two such points uneqiially charged with the same electricity in contact 
with the electrodes of the galvanometer. But if a current may be obtained 
from parts of the same suriace on account of the disparity in the proportion 
of electricity which they contain, why might we not explain the current 
passing from the longitudinal to the transverse surface of muscle and nerve 
in the same manner, viz. by supposing that the longitudinal has simply 
more electricity than the transverse? This is the view suggested by Dr 
Badcliffe and supported by his experiments, and it has the advantage of 
doing away with an anomaly in Du Bois Reymond's explanation of these 
electrical phenomena, which has proved a stumblingblock to many. 
Dr Baddiffe further suggests, however, ^Hhat these currents may in reality 
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be due to a retarded discharge of statical electricity; for it is a &ct that 
they cannot be detected without a coil of which the wire is so long and so 
fine as to be capable of giving suificient resistance to bridle a discharge into 
the quieter pace of ordinary currents." His experiments also include some 
which seem to render certain the presence of electricity in living blood. 

According to Bobin (Jcfumai, de VAnaiomie^ 1866, No. 1) the current 
in the electrical ray is directed from the head to the tail This direction 
is the same as that taken by the current in the melapterorusy but instead 
of its being also the same as in the gymnotus, as Bobm says^ it is just the 
oppoeit& 

Speech. 

In the Lomeetj 27th Jan. 1866, Mr Syme gives a second notice of a case 
in wbich he had excised the tongiie a year before ; no vestige of the tongue 
remained, yet the patient possessed the power of speech and deglutition so 
perfect that he *' dined at table d'hdtes, and entered into conversation with- 
out betraying the deficiency under which he laboured." All the vowels 
were articulated perfectly, as well as all the consonants excepting d, which 
was pronounced dthe, j as the, g as sjee, s was a mere lisp. His taste was 
impaired; he could distinguish different articles and perceive their quali- 
ties, only, however, on their being swallowed, for there was no recognition 
of the substance previous to the act of swallowing. The patient referred 
the seat of taste to somewhere in his throat; this was corroborated by 
brushing saline and saccharine solutions over the whole of the inside of the 
month and palate without, however, his perceiving the nature of the sub- 
stance trntU he swallowed it. 



Voice. 

Panofka (Comptes JRendtUy No. 8, 1866) asserts that the 17—20 rings 
compoeLog the trachea correspond to a like number of semitones which 
compose the ordinary range of the voice : he supposes that each ring may 
be approximated separately, and thereby produce a note whose pitch bears 
relation to the length of the column of air thrown into vibration above the 
constriction. What about the bronchial rings 1 



Vision. 

Max Schultze, in a pamphlet upon the macula lutea and its influence 
upon normal vision and colour-blindness, agrees with Helmholtz in referring 
the dark spot observed in the centre of the visual field, when illuminated 
with blue lights to absorption of the blue rays by the yellow spot. He 
further advances the opinion that, owing to the absorption of the blue rays 
by the macula, the visible s{>ectrum is somewhat shortened at its violet 
extremity : if the colouring of the macula be very intense, the violet rays are 
absorbed to such an extent that the person may be blind as regards them, 
but if the pigmentation be but slight, violet will be clearly distinguished. 
Perhaps also by the absorption of the strong chemical rays a prejudicial 
effect upon the light-perceiving elements of the retina is prevented (Max 
Schultze, ''Ueber der gelben Fleck der Retina, seinen Einflnss auf nor- 
males Sehen und auf Farben Blindheit'' Bonn, 8vo. pp. 16, 1866. 
Abstracted in CentralbUUt, 2nd June. 

Donders {Nederh Archiv. voor Geneea-^n N(Uv/rh ii. p. 109) gives an 
experiment by which he has proved that the movements of the pupil are 
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not simultaneous with the movements ofthemechaniBm for aooommodation. 
If a drop of quicksilver be placed upon a fiat piece of glass and held dose 
under the eye, so that a clear circle con*esponding to the pupil is peroeived, 
while through the glass a white spot on a dark ground is visible : if the eye 
be accommodated for distance, the spot becomes indistinct before the pupil 
dilates, and if accommodated for near objects, the spot becomes perfectly 
distinct before the pupil contracts. 

He also relates an experiment to show that both pupils move simul- 
taneously, although the light producing the movement only affects one 
(Ibid. p. 106). 

NON'REGENERATIOK OF THE SPLEEN. 

Pergrani (Comptes Rendtta, lxii. p. 89), in opposition to the recent com- 
munication of Philipeaux, maintirins his opinion that the spleen, when 
extirpated in whole or in part, is never regenerated. 



Salivabt Secrition. 

Eckhard (of Oiessen), in a note concerning the salivary secretion, says 
that in the horse the saliva obtained from the parotid gland during irrita- 
tion of the sympathetic differs both from the submaxillary secretion under 
the same circumstances, and from the parotid secretion due to irritation of 
the branches of the fifth nerve. It is less tenacious than the submaxillaiy, 
and under the microscope may be seen to contain numerous fine, strongly 
refracting particles, but none of the protoplasmic masses which Eckhiu^ 
was the first to observe in the submaxillary sympathetic secretion. It is 
distinguished from the parotid secretion due to irritation of the fifUi nerve 
by its density and turbidity. 



The Bursa Fabricil 

Dr Davy having examined this organ, respecting which such various 
views are entertained, in above thirty different species of birds, and at dif- 
ferent ages, comes to the conclusion that in some birds, probably in all the 
gallinaceous, it increases in size and completeness up to a certain age, and 
then gradually diminishes in both sexes, and eventually disappears. That 
in other birds, those of rapid flight, it is comparatively large whilst they 
are nestlings, does not increase with their gix)wth but rather diminishes^ 
and after a certain age disappears. 

Of the uses of the organ he ventures to conjecture, founding his conjee* 
tures on what he has observed, that they may be provisional and various; 
that in some birds, whilst nestlings, it may act the part of a uiinary blad- 
der, as witnessed in the instance of the young owl, and in some of the 
young rooks, crows, and thrushes, thereby tending to prevent the fouling 
of the nests; that in others it may serve as a seminal reservoir at an early 
period, and in both male and female in the instances mentioned, in which 
it has been found most completely formed before the attainment of full size 
— in the male before the vasa deferentia are fully developed, in the female 
so long as the oviduct is still small and unexpanded; and that generally, 
as the organ is more or less amply supplied with mucous follicles, it may 
serve, by the secretion it yields, to lubricate the cloaca with which it is 
conneeted, and to aid in its frmctions. Froc. o/Boyal Society, zv. 94. 
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Laws of Huican Fsbtiutt and Stshimtt. 

Dr Maiiiiews Duncan, in a valuable paper read before the Bojal Society 
of Edinbuigb (TVoiw. YoL xxiii.), showed that the total fertility of fertQe 
women diminishes as the age at which marriage takes place increases. Al- 
though the fecundity of women who marry at 25 is greater at the time of 
marriage than is that of those who marry at 15 or 20, yet the latter become 
much more generally persistently fertile, and therefore produotiTe of larger 
fiimilieB than when maniage takes place at a more advanced age. He 
finds that there is absolute sterility in about 7 per cent of those manying 
between 15 and 19 ; whereas of those marrying between 20 and 24 almost 
none are sterile. Dr Duncan's conclusions are based upon statistics of 
more than 16,000 fiimilies. 



New Physiologieal Works, 

O. ISTasse. BeUrUge zur Physlologie der Darmbewegimg, 8vo. pp. 70. 
Leipsic, 1866. 

Kiihne. Fhynologisehe Chenue, Part I. Digestion, 8vo. Leipsio, 1866. 

Duchenne. Phynologie des Afovements, Part I. 8vo. Paris, 1866. 

Dum^ril and Jacquart Memoire »ur la Deglutition ekez les Ophidiena, 
8Ta Paris, 1866. 

Foumie. Phydologie de la Voix et de la Parole, 8vo. Paris, 1866. 

Yulpian. Legans 9wr la Physiologie Genh-cde et Comparee du Systems 
NtTveuac YoL L Paris, 1866. 

Austin Flint The Physiology of Man, Part L 8vo. New York, 1866. 

Beale. New edition of Todd <md Bomman's Physiology. Part I. London, 
1866. 



ON THE WORK PERFORMED IN PILE-DRIVING; by Dp F. 
0. DoNDEBS, Professor of Physiology wnd Opluhalmology in the 
UniversUy of UtrecIU. TraDslated firom the Nederlandsch Arch, v. 
GeneeS' en Natwrhwnde ii. p. 210, by W. D. Moorb, M.D. Dub. et 
Cantab., M.RI.A. 

I LATTEBLT had occasion repeatedly to witness a work, which the looee 
texture of our soil not unfrequently renders necessary : I mean pile-dnving. 
It is well known that in this process a heavy block is lifted up, almost 
without friction, in a fixed measure to a certain height and thence let 
loose, so that it descends with a blow upon the vertical pile which is to be 
driven into the ground. The work is still performed mostly by hand. A 
strong rope, attached to the upper extremity of the block, runs over a 
large, eaoly movable pulley, and passes at the other side into a certain 
number of slighter i*opes, by which a like number of workmen raise the 
block. 

It struck me, that in this process the work performed may be easily 
and certainly calculated. We need only to know the weight of the block 
in kilogrammes, the height to which it is each time raised in metres, and 
the number of blows, in order to find in the product of these three values 
the work performed in kilogrammeters. 

Now on the site where the proposed physiological laboratory is to be 
constructed, piles are driven with a block of 160 kilogrammes, with which, 
on an average, 3365 blows are daily given, with an elevation of about 
1'25 metres. We thus obtain a work of 160 x 3365 x 1-25 = 673000 kilo- 
gi*ammeters, performed by twelve persons: that is, 56083 kilogrammeters 
per man; the maximum I obtained was 60500. 

The work does not go on continuously. Each time 30 blows are given 
at the rate of one blow in from 5 to 7 seconds. If we take 5 seconds, 
then in 150 seconds 6000 kilogrammeters are performed, or 500 per man, 
that is exactly 200 per minute, and 12000 per hour; and it hence appears, 
that (56083 : 12000 =) 4§ hours are daily worked. In summer, however, 
the duration of work and that of interval are in the same ratio, and the 
working hours increase from 9 to 14 : consequently a man in pile-driving 
in summer daily performs a Work of 56083 x 14 : 9 = 87241, or, as a maxi- 
mum, 60500x14 : 9 = 94111 kilogrammeters. With further movements, 
which he has to make, his work may increase to 100000 kilogrammeters: 
that is, he does the work necessary to bring 1 kilogramme to a height of 
100000 metres, or 100000 kilogrammes to a height of 1 metre. 

The work which the heart alone, in its constant activity during 24 
bours, performs, occupies the mean between that of pile-driving in winter 
and in summer; I calculated, namely, for the heart 86400 kilogrammeters \ 

Picked men can do much more work. Thus Coulomb found in ascend- 
ing the Peak of Teneriffe 204610 kilogrammeters per day of 8 hours, that 
is 25576 per hour, being double what would be performed in continual 
pile-driving. For ordinary workers, however, not much more is admitted, 
and the number found coincides very well with that of 86000 kilogramme- 
ters per diem formerly assumed by me'. • 

In pulling at the rope by which the block is raised, the extended arms 
and the vertebral column bend, and the knees advance from flexure of the 
hip and knee-joints, while the feet retain their position. The limbs and 
the trunk must now be again extended, in order anew to grasp the rope at 

^ PhyHologU de$ Memchen. 2de Auflage, 1859, p. 110. 

* Gonf. Nederlandsch Archief voor Oenees- en Natuurkunde, Deel 1, p. 240. See 
also DvbUn Qmrterly Journal, Hay, 1866, p. 471. 



DR MOORE'S TRANSLATIONS FROM PROF. DONDERa 169 

a higher point; but the effect of this extenaioii once more turns to aocoont^ 
as gravitatiDg force, in raising the block. Thus in this case almost all the 
muscular action seems to be useful Meanwhile, as in general, so in this 
instance also, a good deal of the elastic energy of the muscles remains 
unused. A moment before the block was let loose, all the muscles were 
still in a state of high tension and as such were extended, and this tension 
18 suddenly at once sacrificed. Were the block, just before, reduced at once 
to the half of its weight, it would, through this tension, fly further up* 
wards, and the men pulling it would be tibrown violently to the ground. 
Now the energy, which might be able to prevent both effects, the elastic 
tension, namely, of the muscles, gives way suddenly under the influence of 
the wfll, and we can scarcely imagine, Uiat thence a new useful form of 
enei^ should arise : it is certainly most probable, that only heat should be 
developed from it We shall endeavour to determine this experimentally. 

The results here obtained moreover teach nothing more respecting the 
origin of muscular work from given matters than what I have already 
stated. 



ON THE INFLUENCE OF ACCOMMODATION ON THE IDEA 
OF DISTANCE, by Dr F. C. Dondebs, Fro/etaor of Phyinology 
and Ophthalmology in the University of Utrecht. Tnmslated from 
the same Journal, p. 212, by W. D. Moobe^ M.D. Dub. et Cantab., 
M.RI.A, 

Thb importance of the consciousness of accommodation in the estimation 
of distance is by many considered to be very slight, by Wheatstone, I 
think, it was even wholly denied. Under peculiar circumstances, however, 
I some time ago very distinctly observed it At Leipsic I occupied a 
room, the hangings of which exhibited a network of broad bright yellow 
stripes upon a finely black-streaked blue ground. When I now looked 
at a distance of from 10 to 12 feet towutls the wall, the network of 
yellow stripes at once stood out in front of the blue wall, and assumed 
the appearance of a grating removed more than 20 centimetres (nearly 8 
inches) from it The illusion was so complete, that I involuntarily went 
towards the wall, whereupon the grating approached nearer and nearer 
to the blue ground, and at length all but coincided with it A second 
proof of the completeness of the illusion lies in this, that on moving 
the head, hither and thither, the grating seemed to move before the 
wall, — evidently, because it really remained fixed in relation to the wall, 
in other words, because the pcu:allactic movement was wanting, which 
a real grating before the wall would have exhibited on movement of 
the head. But, with Professor Ludwig, who also saw the network as a 
grating, the illusion disappeared on moving the head, precisely on account 
of the absence of the required apparent movement On Dr Zollner the 
illusion did not act strongly. 

The phenomenon is explained by the stronger accommodation neces- 
sary to see the yellow network acutely, than to distinguish the black 
stripes upon the blue ground. The difference has, of course, its founda- 
tion in defect of achromasia of the eye, whereby blue rays are brought 
to a focus sooner than yellow ones. A red network on a purple ground 
woidd make the illusion still greater. In order to observe accurately 
the required difference in accommodation, it is desirable that the inves- 
tigator should be emmetropic ; or at least that he should be in a condition 
to judge correctly, at a certain distance, as to the acuteness of his aocom- 
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modation. The &ct that the illndon was less marked in the two fiiendi 
I have named, may be aaciibed to the absence of emmetropia. 

I attach some importance to this observation, becanse it takes plaoe 
with both eyes, and the difference in distance being only apparent, change 
of oonrergence is altogether ont of the question. In other caseS) even 
in observing with one eye, the accompanying change in oonvergenoe, 
which is such an important element in the estimation of distanoe, may 
determine the judgment, and therefore the influence of the consdoumesi 
of accommodation is not absolutely proved. From the above it followgy 
that a hanging with purple stripes on a dark ground must make tbs 
room appear lax^er than a similar one with yellow stripes. 

As to the apparent movement, which with an incorrect idea of the 
distance, proceeds from movement of the head, I may refer to other circum- 
stances, which have the same effect. We know that it is not difficult, 
by conyergence of the visual lines, to displace the figures of a regular 
pattern, for example of a room-paper, so that we may see with both eyes 
a similar, but not the same figure (Brewster). The wall then appears soon 
to approach us, in order to place itself in the point of convergence of the 
visual lines. Under these circumstances a positive parallax now occurs, as 
soon as we move the head to the left or to the right, upwards or down- 
wards ; if wo approach the wall, it appears to recede from us, — ^If we with- 
draw from it, it seems to follow us. 



ANALYTICAL, CKITICAL, AND OTHER 

NOTICES, LETTERS, &c. 



Notices of Recent Dutch and Scandinavian Contributions 
TO Anatomical and Physiological Science. By William 
Daniel Moore, M.D., Dub. et Cantab. ; M.RI.A. &c. &c. 

L NederlaThdsch Archie/ voor Geneea- en Natuurkunde onder mede- 
werhmg van P. Q. BrondoeesTi M. Imans, A. P. van 
Mansvelt en H. Snellen uitgegeven door F. C. Dondebs en 
W. KosTER. Utreckt. 1865, 1866. 

Dutch Archives of Medicine and Natural Philosophy, edited by 
F. C. DoNDKRS and W. Koster, with the cooperation of P. Q. 
Brondgeest, K Imans, A P. van Mansvelt and H. Snellen. 

1. Over de Tong^werktaigen van het Stemr en Spraukorgaa/n, door 
F. a DONDERS. V Deel, 4* Aflevering, 1865, bL 451. 

On the Lingual Apparatuses of the Organ of Voice and Speech, by 
Professor DoNDERS. Vol. L Part 4, p. 451. 

2. Over den Invloed van Chloroform op Hartewerking, AdemhaUng 
en Bhedsdrukking^ in Verband met Doorsnijding van N, Vague 
en van Curare-vergiftiging, door P. Q. Brondgeest. 

On the Influence of Chloroform on the Action of the Heart, 
Respiration and Pressure of the Blood, in connexion with division 
of the Nervus Vagus, and of poisoning with Curare, by P. Q. 
Brondgeest. Ibid. p. 473. 

3. Irradiatie op symmetrieche deelen aan de tegenovergestelde zijde, 
door F. Z. Ermerins, HoogUeraar te Groningen, 

On Irradiation on Symmetrical Parts of the opposite side, by 
F. Z. Ermerins, Professor at Qroningen. Ibid, p. 498. 

4. De cofndyhs iertins va/n het ackterhoofdebeen, door H. J. Hal- 

BERTSMA. 

On the Third Condyle of the Occipital Bone, by H. J. Halbertsma. 
Ibid. 524. 

5. De indrukking der grondvlakte van den schedel, hare oorzaken 
en gevolgen, door J. A Boogaard. 

On the iiApression of the Base of the Skull, its causes and results, by 
J. A. BoooAARD. Ibid. p. 525. 



172 ANALYTICAL AND CBITICAL NOTICEa 

6. De hooge oorsprang der arteria profunda femoris, door Db T. 
Zaaijer. 

On the high origin of the Arteria Profunda Femoris^ by Db T. Zaalteb. 
Ibid. p. 527. 

7. Ligging der arteria anonyrm aan den hob voor de Imktpijp, 
door W. KosTEB. Deel IL 2« Aflevering, .1866, bL 207- 

Positioii of the Arteria Innominata in the Neck in firont of the 
Trachea, by W. Kosteb. VoL IL Part. 2, p. 207* 

8. Over de snelheid der gedackte en der vnUbepalingy voorloopige 
mededeeling van F. C. DoNDEBa Deel I. V Aflevering, bL 518. 

On the Rapidity of Thought and of the Determination of the Will : 
A Preliminary Communication by Dr F. C. DoNDEBa VoL L 
Part 4, p. 518. See also British and Foreign Medico- Chirurgical 
Review, July, 1866, p. 168. 

9. Spierarbeid en warmte-ontwikkeling, in verband met de tfereiechte 
voedinga-heginsden, door F. C. Dondebs. Ibid. Deel L 1* en 
2* Afleveringen. 

On the Constituents of Food, and their relation to Muscular Work and 
Animal Food, by F. C. Dondebs, M.D., Professor of Physiology 
and Ophthalmology in the University of Utrecht. VoL i. Parts 1 
and % See also Dublin Qtiarterly Jovmal, VoL 41. 1866, pp. 238 
and 469. 

IL Bidrag tU Bedommdeen af Fodemidlemee Ncervngsvasrdi^ af 

Dr Med. P. L Panum, Professor i Pkysiohgien ved Kjobenhatms 

Universitet. Kjobenhavn, F. Heoel, 1866. 
A Contribution to the Estimation of the Nutritive value of Foods, 

by P. L Panum, M.D. Professor of Physiology in the University 

of Copenhagen. 8vo. pp. 104. 

IIL Bid/rag tU Kundshab om Echinococcemes Udvilding, navnJig om 
Dottr^lcBredannelsen, af Vald. Easmussen, Prosector i patho- 
log. Anoitomi. {Af Naturhist. Foren. Vidensh. Medddeher. 1865). 

A Contribution to our knowledge of the development of Echinocood, 
particularly with reference to the formation of Daughter- 
cells. By Yald. Easmussen, Prosector in Pathological Anatomy. 
(Eeprinted from the Eeports of the Natural History Society of 
Copenhagen, 1865). 8vo. pp. 29. 

lY. HehninOiologiske Un4ersdgelser % Damnarh og paa Island, med 
scerligt Hensyn til BlcereomiUdelseme paa IsUmd. Af Dr. Med. 
H. Krabbe. {ScerskiU aftrykt af det Kongl Danske Videnakor 
bemes Selskabs Shrifter. 5 RmUce, naturvidenskab. og mathenk 
Afdeling, 7 Bind). Kjobenhavn, 186$. 
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Helminthological investigations in Denmark and Iceland, with 
special reference to Tapeworm affections in Iceland. By H. 
Erabbe, M.D. (Reprinted from the Publications of the Royal 
Danish Academy of Sciences, 5th SerieS| section for natural 
philosophy and mathematics, YoL VII.). Copenhagen, 1865. 
4to, pp. 64, with 7 copper plates. 

I. Thb DtUch Archives, whose title stands at the head of the foregoing 
list, are remarkable for the number of important and practical papers upon 
medical and surgical subjects which they contain. Of several of these 
I hare given translations in our Medical Periodicals. Many essays of 
considerable anatomical and physiological interest are also to be met with 
in their pages, and short notices of these from time to time wUl, I should 
hope, prove not unaooeptable to the readers of this JoumaL 

1. The first article to which I shall direct attention is one by the dis- 
tinjcmshed Professor of Physiology and Ophthalmology in the TTniverrity 
of trtrecht, Dr F. C. Donders, Upon the Lingual Apparatueee of the organ 
of Voice and Speech, 

''Voice and Speech,*' observes the author, ''belong to the domain of 
physiology. To her belongs the task of investigating the nature of vocal 
and oral sounds, as well as the mechanism whereby they are produced, 
and of explaining these sounds by that mechanism. 

" The voice is the result of the vibrations of the inferior vocal chords. 
These are the tongues of a lingual apparatus, acting in singing as perco- 
lating, in speaking probably as opening tongues, in the thoracic voice 
vibrating with the thyreo-arytenoid muscle therein put upon the stretch 
by its antagonists, in the figJsetto vibrating without this musda The 
lowest bass voice descends to F^, the highest soprano rises to f", so that 
the human voices, taken together, comprise five octaves, from 44 to 1408 
vibrations in the second, — ^tiie same limits, as it happens, as those of the 
old five-octave pianoa 

"Besides the inferior vocal chords, vibrations may be produced in 
different places in the organ of voice and speech in special lingual ap- 
paratuses. The tongues may be : a. the lips (double tongues, as the ohordn 
▼ocales) ; 5. the point of the tongue; c. the uvula; d. certain parts of the 
larynx, situated above the true chordn vocales. In whistling, one of the 
tones of the labial murmur ia strengthened by resonance in the cavity of 
the mouth, in the same manner as in flute instrumenta 

" The lingual apparatuses mentioned in the organ of voice and speech 
agree essentiflJly with that of the proper voice. They are to be regarded as 
so many voices, and give more or less distinct sounds, with a definite and 
in general very low fundamental tone. However they, or at least those 
distinguished as a, ( and c, cannot replace the voice, because they are 
formed too much anteriorly, and therefore altogether, or almost altogether 
lose the opportunity of vocal modification of the sound and of articulation 
in general. They then find another employment, that of breaking off the 
vibrations of the voice or of whispering. Thus they appear as the conso- 
nants r, the tremulous sounds (Zitterlaute) of Chladni, celled by te Winkel 
rattle-consonants. We shall therefore distinguish the forms mentioned 
under a, b, e and d, as r,, r^ r^ and r^." 

The author divides consonants into 1^ the explosive, closure-sounds 
{Verschlius-laute) of Chladni, blow-letters (slag-lettore) of Amman, produced 
l>y sudden closing or opening of the vocal canal, as strengthening or dimi- 
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ntition of the vocal sound, with rapid and characteristio modification of 
the latter, often combined with a slight blow, bat also recognisable when 
this blow is no longer heard. To these belong the whispering p, t and 
k, and the ringing b, d, and the Dutch k^ — this last before the ringing h 
or dy in Englinh g^ as in game. 2°. The mbbing. These are actually 
accompanied by a distinctive sound, produced by a constriction of the 
vocal canal and strengthened by the dilatation of the thereon consequent 
cavity, which determines the height of the prevailing tone of the murmur. 
The I consonants, with lateral constriction, also belong to this group. 

3^ The resonarUs (Bruecke), called also nasal or semivo<»l, arise, like 
the explosive, from sudden dosing or opening of the oral canal, as m, 
n, ng, — with this difference, that the nasal canal, in place of being likewise 
closed, affords a passage to the air and becomes one with the cavity of the 
throat and mouth. Thus the vocal sound may be maintained, as the 
so-called growling voice (BrummaHmme). The resonants are distinguished 
from other consonants by this, that in loud speaking they are cduxjtyB 
produced with a vocal sound (if they are not eTUirely left out, as the niahy 
many at the end of words). We are not however justified in considering 
them as vowels or as half vowels. As an independent sound they are better 
distinguished without than with accompanying vocal sound. 

4*. The tremulous sounds (ZitierlaiUe) of Chladni, already defined 
above, distinguished as r^, r,, r, and r^. These form the subject of the 
authors special investigation in the present paper. They are JR , r^ or 
labial r. This may be produced in two ways : a, as vibration of tne two 
lips together, the broad r , ; 6, as vibration of the middle, or of a lateral 
part of the lips, the slender r^, 

R^y r,, lingual r. This is the most perfect, and probably also the most 
used rattle-consonant It may, however, be heard also as an independent 
vibration. To produce it the point of the tongue is applied upwards 
against the palate, while the edges of the organ are placed laterally against 
the inner and under surfiuse of the teeth of the upper jaw, so that the air, 
driven forward through a low groove between the palate and the raised and 
broadly expanded tongue, causes the elastically tense point of the tongue to 
yield and to strike back upon the palate. We have here therefore a 
simple upstriking lingual apparatus. Elastic tension of the point of the 
ton{(ue by tonic muscular contraction is one of the conditions of the develop- 
ment of r,, and in this condition lies the difficulty that many find in the 
production of it. Too strong pressure gives rise to the blow-consonant, 
too weak without tone of the point of the tongue produces the friction- 
consonant ih of the English, while in both cases the point of the tongue 
pushes somewhat forward. 

R^ r,, uvular r. This is incorrectly looked upon as a defect It is used 
by many, perhaps by the majority, and is, when well pronounced, scarcely 
to be. distinguished by the ear from the lingual r. It is, however, more 
frequently than the latter modified by a defect -The lingual r is either 
quite pure, or on the whole not pronounced; the uvula r is often heard 
impure. Then occurs tlie so-called lisp (6routoen, grasseyementy rhotacismus), 
which is to be considered as a defect The peculiar diffusion of the use of 
r, and of its impure pronunciation is remarkable. I find its use in the 
Netherlands connected chiefly with particular families. The impure pro- 
nunciation occurs rarely outside the town of Nijmegen, where it is almost 
universal, as well as in Provenca How fiir a congenital conformation of 
the mouth, or how far imitation may be the cause of this, I cannot 
decide. 

R^ is easily produced. If we sing as low as possible, and endeavour to 
go still lower, a growling sound arises, which Bruecke looks upon as the r 
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or Tattle-oonBonant of the Lower Saxons. With a greater number of vibra- 
tions it is the Ain of the Arabs. Various opinions have been entertained 
as to the seat of its development Professor Bonders shows that this is 
at least not in the true chordae vocales. He is able to produce r^ at the 
same time with the yoice, and now the tone of the Toice determines 
the tone of r^, which is heard an octave or a duodecimo lower than the 
voice. 

The object of Professor Bonders' communication is, however, to make 
known his observations on the rapidity of the vibrations which beloug 
to the rattle-consonantSy and the number required in the pronunciation to 
enable the ear to catch it as determined bj the phonautograpL For these 
observations, and for the woodcuts and immediate results of the phonauto- 
graph, introduced into the text, I must refer to the original paper. 

2. Dr F. Q. Brondgeest communicates to the same number of the Ar- 
ekieftk paper On the Irfiuence of ChLoroform on the Action of the Hecvrt^ on 
Reepiraiion^ and on the Pressure of the Blood in connexion with division 
of the Nervus Vagvs and with Curare-poisoning, From this paper the 
author draws the following conclusions. 

^ 1. The inspiration of chloroform exercises a remarkable influence 
on the frequency and strength of the pulsations of the heart. In the 
first instance it prolongs the rhythm of the latter, which subsequently 
becomes accelerated, this acceleration continniDg until death, while simul- 
taneously with this acceleration a diminution in the strength of the heart's 
action occurs. 

*^ 2. These phenomena take place, whether the chloroform be inhaled 
through the mouth or through a tracheal fistula, provided only that it be 
administered in sufficient quantity. Small quantities of chloroform, ad- 
ministered during a very long time, exercise no distinct influence on the 
action of the heart. 

** 3. The pressure of the blood diminishes, from the beginning of the 
chloroform inhalation untU death : both in the prolongation and in the 
subeequent acceleration of the pulsations of the heart it becomes much less 
than before the inhalation of the chloroform. 

** 4. After curare-poisoning a prolongation of the pulsations of the 
heart likewise occurs, and the cardiac pulsations speedily become very 
weak, so that death rapidly ensues, sometimes with increasing prolonga- 
tion, sometimes with a degree of acceleration. 

''5. After dividing the two nervi vagi we observe, in chloroform 
inhalation, a slow, uniform diminution of the pulsations of the heart. 
l^o suddenly remarkable diminution of the pulsations occurs. Death 
ensues very rapidly. 

'^ 6. The respiratory movements become, just like the cardiac pul- 
sations, suddenly retarded, and subsequently, about simultaneously with 
the cardiac pulsations, again accelerated. They cease before the move- 
ments of the heart 

'^ 7. After division of the nervi vagi the respiratory movements often 
cease suddenly for half a minute. After this they again return more 
qaickly. 

** 8. Among the causes of death, after the use of chloroform, paralysis 
of the heart's action occupies a prominent position. The chloroform 
inhaled has a paraly stuff effect either on the muscles or on the nervous 
centres of the heart, whence the rhythmical contractions proceed. The 
contractions of the auricle cease at a later period than those of the 
ventricle. 

''9. When the movement of the heart has nearly ceased, the most 
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certain means of again exciting it and of preventing death, is the prolonged 
continuance of artificial respiration. 

^' 10. When during chloroform-narcosis the two nervi vagi are diyided, 
no remarkable acceleration of the heart's action is perceptible, but it 
continues until death less than before the division of the nervi vagL" 
pp. 473—498. 

3. Professor Ermerins contributes a paper on IrrcuIicUum on Symmeiri- 
edl Pa/rt8 of the OpposUe Side, which, though really pathological, is, as the 
author justly observes, more interesting to the physiologist than to the 
practitiouer. It is, in fact, by stud3ring the pathology of the nervous 
system that we learn much of its physiology. The loss or alteration 
of certain functions, taken in connexion with lesions of its different parta^ 
throws, of course, niuch light upon the functions of those parts. The 
author's attention was directed to the subject of his present paper by the 
observation of a case of paralysis of the lower limbs, occurring in a man 
aged 53. This patient was accidentally burned on the inside of the left 
thigh, by the incautious application of a hot water jar. When this occur- 
rence was discovered a day or two later, the patient felt pain not ordy in 
the burned part of the UJt thigh, but also, though less violently, in the 
corresponding part o/the right thigh This pain lasted for some days, and 
ceased when the burn was healed. The painful part of the right thigh 
exhibited neither change of colour of the skin, swelling, nor anything 
unusuaL The post mortem examination revealed atrophy of the brain 
and of the spinal cord, with asymmetry of the hemispheres of the cere- 
brum, the left preponderating, and softening of the cerebellum. 

Five other cases of this nature are on record : 

1^ One by Boyer {Traite dee maladies diirurgicales, T. vu. p. 9), 
quoted by Sch^ff (Lehrbuch der Fhysiologie des Menschen), The patient, 
a drummer, received from a drunken comrade a sabre-wound in the upp«r 
and back part of the right side of the neck. The wounded man imme- 
diately felt his legs give way under him and felL On admission to hospital 
next day it was found that the right arm had lost the power of motion, but 
retained its sensibility. The right leg seemed a little weakened, but was 
as sensitive as usual On the thirteenth day there was still paralysiB of 
the upper extremity. In playing with one of the attendants who pinched 
him, the patient perceived that the left side of his body was insensible. 
On examination it was found that " the left leg and the left side of the 
trunk preserved the usual size, movements, and activity; but we could 
pinch, prick, and even cut the skin, without the patient feeling or exhibit- 
ing the slightest pain ; pins were inserted to the depth of three or four 
lines, without being perceived. Extensive touches, however — such as the 
application of the flat hand moved along the akin — caused the patient to 
experience a kind of sensation, though extremely obscure and slight. This 
insensibility existed throughout the entire extent of the left foot, 1^, and 
thigh; it was equally complete on the left side of the abdomen; but it 
ceased abruptly before and behind the median line, ioith this remarkctble 
pectUiarity, tJuU in this part, if the pa>tient were pinched on the left side, he 
asserted that he/elt the sensation in a slighter degree aJt the corresponding pari 
of the right side. A similar demarcation between the right and left aide 
extended to the skin of the penis and scrotum. The insensibility was 
equally complete at the left side of the base of the chest, but a little higher 
up a dull sensation began to be perceptible, and became more manifest in 
proportion as we examined upwards, so that at the height of the fourtiii 
rib the skin was as sensitive as that of the rest of the body. The left 
limb was in a perfectly natural state." Boyer remarks upon this case that 
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^* the situation of the woandy and the sjnnptoms by which it was accom- 
panied, wonld lead va to infer that the spinal marrow was engaged, biM> 
that it must have been only superficially so." 

2\ Treviranus {Biologie^ v. p. 370) ^* knew a ladj, in whom a blister 
applied behind one ear invariably at the same time gave rise to pain behind 
the other." 

3^. Yan Deen wrote to Schiff respecting the case of a lady who had 
been attacked with apoplexy, which left behind it ansBsthesia and acinesia 
of the left side. In this state^ on the application of a stimulant (oil of 
mustard) to the insensible arm, pain was felt by the patient in the arm of 
the opposite side. 

4^ Van Deen told Professor Ermerins also that he had observed 
something similar in a sufferer from paralysis of one of the lower extre- 
mities: namely, on peripheral irritation of the anaesthetic leg a painful 
sensation occurred in the other. 

5^ Partly in accordance with this is what a doctor of surgery related 
to van Deen : a patient had undergone amputation of the thigh ; the fresh 
wound was touched in a place where a nerve had been divided. Thereupon 
pain was felt both in the part touched and in the corresponding point of 
the opposite side. 

6^ The case related by Professor Ermerins, and which led to his 
writing the paper of which I here present an abstract. To sum up : 
in Boyer's case there was traumatic injury of the spinal cord. Of van 
Deen's two cases, in one apoplexy, in iJie other aniesthesia resulted from 
a central affection. In <the case observed by Professor Ermerins an abnor- 
mal state of the brain, cerebellum, and spinal cord existed. We have 
consequently four cases where the phenomenon occurred under pathological 
conditions of central parts, though these conditions were outwardly differ- 
ent In the case related to van Deen, the communication of the painful 
sensation to the other side occurred after an operation, which, from the 
violence of the shock, must almost necessarily produce a difference in the 
fbnctional condition of the spinal cord and brain. The case so briefly 
touched upon by Treviranus is therefore the only one which gives no 
information on this subject. 

In conclusion, Professor Ermerins says : 

''From what has been observed I would therefore almost positively 
venture to lay down that, in order to produce transmission of sensory 
impressions to the opposite side, certain unknown abnormal conditions of 
the central parts are necessary. There is no doubt that in the healthy state 
such transmission does not take place. 

*' Schiff appears in the above quoted place to refer to an anatomical 
connexion between the sensitive paiis of the right and left side of the 
spinal cord. Even if this exists, it is certain that in the regular function 
of the parts the connection does not manifest itself in outward phenomena^ 
and that consequently the left and right sides are functionally distinct. 
Under extraordinary circumstances this distinction is removed. As to 
the nature of these circumstances we know nothing, but they are to be 
sought in the spinal cord. Perhaps a certain unusualness and violence of 
irritation is necessary, in order, in this state of the central parts, to enable 
the transmission to be effected. The sensory nerves appear to me to remain 
capable of conduction evet where ansesthesia is present. The peripheral 
impression received by them does not reach the consciousness, but must in 
reality exists and must act through the nerve upon the central part; — 
Low should the transmission of the impression to the opposite side other- 
wise be possible 1 If in the central parts those conveying sensation to the 
other side have come into action, this action must, according to the law of 
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eccentricity, be transmitted to the periphery. This is all that I, at leasts 
can suggest upon the subject. 

** Whether, moreover, the phenomenon is as rare, as the little mention 
made of it would lead us to suppose, is doubtfiil. I imagine that it often 
occurs, without being observed, and that it is often observed without suffi- 
cient importance being attributed to it to cause attention to be particularly 
directed to it. Physiologists attach more importance to such matters than 
practitioners do, and the latter have more opportunities than the former 
for making such observations." 

Of the foregoing paper I have given a translation in full in the Medical 
Frees and Cirmlar, July 11, 1866, p. 37. 

4. The next paper on my list is an abstract of one which originally 
appeared in the Ned, Tijdechrift voor Geneeskunde for 1865, on the third 
condyle of the occipital bone, first described by J. F. Meckel, which some- 
times occurs on the inferior surface of the basilar part, and which was 
accurately examined by H. J. Halbertsma in a number of skulls, especially 
in some derived from the East Indian Archipelago, The latter writer 
distinguishes* with respect to the mode of origin, various forms. In. the 
first place there may occur in fix>ut of the anterior margin of the great 
occipital foramen a conical projection, articulating either with the odontoid 
process of the deutata, or with the anterior arch of the atlas ; subsequently 
lost among the '^ double middle articulating processes" (which H. calls 
proceeevs papillares), and so forming a third condyle. 

Further, H. has observed and delineated ca^BS, where the papillary 
processes coalesce with the lateral condyles. Moreover, the very important 
peculiarity occurs, that papillary processes are found on the inferior 
surface of the basilar part, together with a third condyle at the anterior 
margin of the great occipital foramen (represented pi. vi. Gg. 2). Halbertsma 
supposes that the last little tuberosity, which has a smooth, flat top, has 
been connected with the odontoid process of the dentata; it would then 
have formed a true third condyle. So long, however, as the sknllsy with 
such unusual occipital articulations, have not been examined in connexion 
with the corresponding vertebrae, the proper signification of the tuberosities 
is not to be ascertained. If Halbertsma's opinion be connect, this obser- 
vation of his quite agrees with the idea recently given by Roster {Neder- 
landech ArcMefj 1864, Afl. 3, pp. 374, 375), respecting the morphological 
signification of the two superior cervical vertebrae and of the occipital 
bone. The conformation almost completely agreeing with an anterior arch 
of the atlas, proceeding from the connexion of unusual tuberosities with 
the lateral tuberosities, and between which and the basilar part a space 
exists (delineated by Halbertsma, pi. viii. fig. 2), forms a sort of hiemal 
arch. On the other hand such a portion of bone (as little as the tuberosi- 
ties represented in pi. vi. ^g, 1, and pi. vii. fig. 2, on the under surface of the 
basilar part) can scarcely have articulated with the odontoid process^ but 
may probably have done so with the anterior arch of the atlas. 

The peculiar connexion of the vomer with the second cranial vertebra 
leads Halbertsma to think that this bone too must be considered as an 
hypapophysis (rather hsemapophysis, as in ordinaiy nomenclature hypapo- 
physis is not used with reference to the anterior vertebral arch). 

It is remarkable that the unusual tuberosities on the basils^ part of the 
occiput are found most frequently in skulls of Malays. 

5. An abstract is given of J. A. Boogaard's paper On the impression 
of the hose of the skully its causes and consequences. In our preceding 
number, say the Editors of the Nederlandsch Archief we mentioned the 
dissertation of Bogtstra, in which he treated of the impression of the base 
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of the skulL Pro£ fioogaard exnmined this mibjeot still more fblly, and 
eommuuicated the results of his investigation in the NederUrndsch T^dschrift 
ifoor Geneeskundej 1865, 2. afd. p. 81. He first gives an historical retro- 
•pecty and oommnnicates the cases described by Betzius, Berg, Lucie, Davis 
ika; after which he reverts to the skulls contained in the Anatomical 
Museum at Lejden, and already described by Bogtstra. The measurements 
and anatomical peculiarities are there stated more in detail, especially the 
varying form of the foramen occipitale magnum, the mai^n of which^ 
instead of an oval, describes a very irregularly curved line. 

A geometrical construction of the different angles to be measured on 
the skull, and a representation of the instrument with which Boogaard 
measiures his basal angle, make all very plain. 

None of the hydrocephalic skulls examined by Boogaard exhibited the 
impression of the base, so that hydrocephalus does not belong to the remote 
causes of the impression of the skull. 

Among the proximate causes we observe especially atrophy of the 
osseous tissue, and fatty degeneration. These are almost always to be met 
with in skulls with impressed base. 

It now depends upon the extent and the more or less symmetrical 
nature of the affection of the bone, what Jbrm of impression shall occur. 
If only a small portion of the bone in the immediate neighbourhood .of 
the foramen magnum be impressed, the posUion of the divua in particular 
undergoes important changes and becomes more horizontal. On the other 
hand the whole body of the sphenoid bone, with the basilar part of the 
occipital and the adjoining parts of the temporal bones, may be pressed 
directly upwards^ whereby the relative position of the parts is oflen little 
altered. 

In children the impression of the skull is not observed, but with this 
exception it occurs at any time of life. 

It has seldom been possible to ascertain whether the impression of the 
base of the skull has produced any, and if it has, what results during life. 
From a few cases it may be inferred, that morbid phenomena are not 
necessarily excited by it Boogaard himself however, observed a case, 
treated by Dr Frenay during life, in which the impression was evidently 
attended with symptoms of disturbed cerebral function. In this person 
after the fortieth year of life difiiculty in moving the voluntary muscles 
set in. This increased, and soon the man could not go up stairs without 
holding on both sides; 8ut)sequently he feU about often even on the level 
ground. The cause of this was not direct diminution of muscular power, 
but inability to coordinate and regulate movements. Subsequently symp- 
toms of paralysis of the pharynx and of some of the muscles of the face 
with difficulty of speech set in. For a few weeks before his death the man 
was drowsy, restless, and delirious. 

On opening the body Boogaard found in this case the impression of the 
base of tiie skull described at length by him, and at the right side of the 
cranial cavily on the inner surface of the dura mater a great quantity of 
effused blood. The lateral ventricles were distended with serum, the 
septum lucidum had almost entirely disappeared, the basilar artery was 
deeply impressed into the pons Varolii The left abducent nerve, and the 
right facial and auditory nerves, were atrophied and softened. 

In such cases it would probably be possible, if they depend upon a 
considerable symmetrical impression of the base of the skull, to arrive at 
a diagnosis thereof daring life, by the shortening of the neck and a slight 
lordosis. The asymmetrical impression of the skull on the contrary gives 
rise to no changes, by which it may during life be with probability 
suspected. 
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6. On the high origin of the Arteria Frojtmda Femorisj hj Dr T. 
Zaaijer. The writer examined a case of division of the eztenud iliao 
artery, immediately below Ponpart's ligament, into two nearly equal 
branches. One of these was continued as arteria femoralis, the other as 
proftmda femoris. From the latter sprang the arteria circumflexa externa, 
at 3*5 centimetres (s 1*3779'^ below Poupart's ligament^ while the arteria 
circumflexa interna was wanting. On the other hand, the arteria perfo- 
rans prima was more highly developed than usual. The arteria epigastrica 
Halleri arose independently from the arteria profunda. 

In view of this case, the author proceeds to inquire which place of 
origin of the arteria profimda femoris is to be considered normal This 
place varies from one inch above Poupart's ligament (Hyrtl) to fonr inches 
beneath it (Gray and Quain). From the statistical statements of the 
writers which he quotes, Zaaijer comes to the conclusion, that as a rule we 
must set down the origin of the arteria profunda at from 1| to 2 Parisian 
inches below Poupart's ligament. 

In the case examined by Z. the origin of the arteria profunda lay to 
the outside of the external iliac arteiy. Statements differ veiy much as 
to the seat of origin, even in the cases where the profunda arises at the 
ordinary height from the femoral artery. According to some this artery 
arises at the outside, according to others from the inside of the main trunk. 
The truth is that both cases occur, and Zaaijer coincides in the explanation 
given by Srb*, that the place of origin of the profunda depends upon 
whether it gives off the internal circumflex. Then the seat of origin lies 
more to the inside, while in the opposite case the external circumflex 
arteiy, as it were, draws the profunda outwards (?). 

From the cases recorded in literature it appears, that such a high origin 
of the arteria profunda femoris is exceptional. The practical importance 
of this is evident. In such a case we should, t3ring the femoral artery at 
the usual height^ with a view to apply the ligature cU>ove the arteria pro- 
funda^ find our object frustrated, while in some cases it may thus become 
necessary to tie tiie iliac artery instead of the femoraL 

7. Position of Hie Arteria Innominata in the Neck in front of the 
Trcuihea, by W« Koster. Although the modifications in the number, course, 
and situation of the arteries arising from the arch of the aorta, appear 
capable of no further increase, I lately observed a deviation of the inno- 
minata which, on account of its surgical importance, deserves mention. 

In preparing the cervical I'egion of a woman, aged 75, whose arteries 
were injected with gelatine, we discovered that above the jugular notch of 
tlie sternum, beneath the sternohyoid and thyroid muscles, a tumour was 
perceptible, situated in front of the windpipe. In the neck covered by 
the skin nothing abnormal was obseiTable; nor did the prepared anterior 
superficial cervical muscles exhibit any abnormity in position or course. 

On closer examination an arteiy was seen beneath the muscles just 
mentioned, so thick that at the first glance we thought we had before us 
the whole arch of the aorta. It appeared, however, that the arteria in- 
nominata arose in this case precisely in the median line, just under the 
jugular notch of the sternum, and ran nearly three centimetres (1*1811*) 
above the sternum directly in fi*ont of the trachea, in order then, bending 
to the right, to divide into the two well-known branches. The common 
carotid artery therefore made first a transverse curve, to ascend subsequently 

< J. Srb, Ueber das Yerhalten der Art. profimda Femoris; in OeiterreiehUehf 
Zeitschri/tfUr praktUche Heilkunde, 1860. No. 182. 
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in the usual way; the suhclaTian artery descended in an arch. Quite dose 
to the innominata arose the common carotid arteiy. 

The ascending portion of the aorta was, from the ostium arteriosum 
to the origin of the innominata, 7^ centimetres (2'9528V^ in length. The 
entire innominata was 4 centimetres (1 '574832''). The arch of the aorta 
lay high, was atheromatous and ossified, dilated about one half more than 
in the normal state. 

On one other occasion I observed a perfectly analogous condition in a 
man aged 40. The portion of the innominata, which in this instance 
lay in the neck in front of the trachea, had, however, a length of only 1 J 
centimetres {'688989'^ above the jugular notch of the sternum. 

We have here evidently to do with a congenital abnormal position of 
the arteries. The whole aorta lies too much in the middle Une. The 
innominata^ which in ordinary cases arises a little to the right of the 
middle line, and immediately turns obliquely to the right, so that it runs 
not along the middle of the sternum, but along the posterior surface of the 
stemo-clavicnlar articulation, here runs straight upwards. 

It is at once apparent, how dangerous in such cases wounds in the 
lower part of the neck would be, and how tracheotomy above the sternum 
becomes an impossibility, as the artery reached to the inferior margin of 
the thyroid gland, unless it probably might be pushed aside. It is, how- 
ever, a question, whether it would be possible without injury to continue 
the latter proceeding for days together, as must be done in applying and 
' securing the tube, &c 

It seems that such an anomalous course of the arteria innominata has 
not hitherto been described. At least we do not find it mentioned by 
Tiedemann. It is indeed true that the trachea^ just abore the sternum, 
is occasionally crossed obliquely by a left carotid, arising as a third branch 
from the innominata at the right side. The closest analogy to the abnor* 
mity just described, in a surgical point of view, is presented by the cases 
communicated in Tiedemann, where frt>m tbe arch of the aorta, right and 
left, a subclavian artery arises^ and in the middle a common branch for the 
two carotids, which then runs up for a short way in front of the trachea, 
before it divides. This anomaly is to be considered as an '* animal type,'* 
as it constitutes the usual condition in the elephant; and moreover, accord- 
ing to Dr Bernstein, occurs in an East Indian bird (Pitta cyanura VieilL), 
where the common trunk runs too high up in the neck, in order then to 
divide into two, that which arises on the left passing to the right, and 
vice versd, 

8. Professor Donders instituted experiments to determine the rate of 
conduction in the nerves, and, more particularly the time required for the 
formation of a definite idea, and for the expression thereof through the 
origans of the wilL The physiological time T ]& the time which elapses 
from the acting of a stimulus upon the peripheral nervous system to the 
giving of some signal. T is greater on irritation applied to the foot than on 
irritation in the groin; the difierence is the time required for conduction 
in the nerve from, the foot to the groin. In order to determine T in im- 
pressions of sound, the phonautograph was used as a chronoscope. Of the 
short paper, which is only preliminary, I have given a translation in the 
July number of the British and Foreign Medico-Chirwrgical Review, I 
have to acknowledge the author's kindness in correcting a proof of the 
translation. 

9. Professor Donders contributes to the first and second parts of the 
first volume of the Archief^ an important paper upon the constituents of 
Food and their relation to Muscular Work and Animal Food, which ha 
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has also published in the form of an octavo pamphlet of 74 pages. This 
valuable essay I have translated in extenso in tiie 41st volume of ihe Dublin 
Quarterly Jowmaly Februaiy and May 1866. The bearing of the essay is 
concisely summed up by the author in the following contusion: Muscular 
work and heat arise in the animal organism, both being derived from the 
chemical energy as well of non-nitrogenous as of nitrogenous mattera Of 
both kinds of food the animal system has need. In the body there exists 
a certain relation between heat produced and muscular work. By exer- 
cise this relation becomes most favourable for muscular work. A liberal 
supply of albuminous matter tells favourably in the same. The reason of 
this is probably to be found in the better nourished and firmer condition 
of the muscles and of the whole body, which is obtained by means of a 
more highly albuminous diet. The development of man in general appears 
to attain the highest pitch under the use of a mixed dietw 

IL To the number of the British and Foreign MedicO'CMrwrgical 
JRevieto for July, 1866, (p. 83), I have also contributed a notice of the 
interesting work of Dr Panum, Professor of Physiology in the TJniver- 
sity of Copenhagen, upon The Estimation of the Nutritive Value of 
Foods, The author presents the results of his investigations in a series 
of tables. The length to which this article has already run obliges me 
to refer to the British and Foreign for the details of some of his 
results. I shall here mention only those contained in his fifth table, 
upon the histogenetic value of difierent kinds of bread and groats. Of the 
breads, Nielsen's strengthening bread (Krafbbrod), prepared with additional 
gluten, takes the first rank ; French roU, baked, at the author's request, 
with blood instead of water comes second; the less white and less well- 
looking French roll from an inferior baker takes the third place; whUe the 
very nice-looking, white and well-tasting French roll from the court baker 
appears to have the least histogenetic value. The latter circumstance is 
probably due to the fact, that the meal derived from the centre of the 
wheat, which is remarkable for the beautifully white appearance of the 
bread made from it, is much poorer in gluten than that procured from the 
outer layer. The author expresses surprise that the histogenetic value of 
the bread baked with blood was scarcely greater than that of the French 
bread from an inferior baker, a fact which he thinks is probably to be 
attributed chiefly to the albuminous matters of the blood losing, at the high 
temperature employed in baking, a portion of their original nutritive 
power. In a note he alludes to a prevalent opinion that the common dark 
rye-bread must be particularly nourishing, as it contains the meal next the 
husk, which abounds in gluten. He shows, however, that this is not the 
case, but that the dark rye-bread is undeniably the worst of all kinds of 
bread. 

Professor Panum instituted a series of experiments to test the nutritive 
value of a new substance introduced into commerce from the starch manu- 
factory of C. Nielsen, under the name of household or gluten groats. This 
consists of flour kneaded with the gluten of an equal quantity of flour, dried 
and ground into groats. In this case, too, it was found that the histoge- 
netic value of the dough was essentially lessened by the heat employed in 
the diying of the mass. 

In the case of French gluten meal, also, used for bread for diabetic 
patients, the histogenetic value calculated from the amount of urea pro- 
duced was less than would, d priori^ have been expected. Here, too, the 
drying of the meal seems to have been the cause of the difference, the 
albuminous matters having been rendered thereby less capable of solution 
in the digestive fluids. 
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IIL Dr Rasmussen, in the work quoted in the heading of this article, 
treats of development and natural history of the echinococci from a zoolo- 
gical point of view. Hia easajr may therefore claim some brief notice here. 

The old oontroversyy whether echinococci ought to be referred to one 
or two species^ which was again brought forward by. Kiichenmeister when 
he divided them into E. scolecipariens and E, aUricipariens, correspond- 
ing to the older classes E. veterinorum and E, haminia, seems to have 
been at last decided by Naunyn and Krabbe having, about contempo- 
raneously, succeeded in causing scolices of the human echinococcus to be 
developed in the intestines of the dog to tcenia echinococcus^ in the same 
time and in the same mode as was first demonstrated in 1852 by von 
Siebold with the echinococcus of the ruminants {E. scoUcipariena). 

Hie author^s investigations confirm the view so strongly put forward by 
Leuckart, that the scolex-formation always proceeds in brood-capsules 
developed from the parenchymatous layer of the mother-cell, and being in 
continual connection with the same. The daughter-cells are formed either 
endogenously or exogenously with respect to the mother-cell, but these two 
forms are not strictly separated, and may often be developed together : in 
cells which are developed endogenously, new cells may be again produced 
both endogenously and exogenously. The endogenous cell-formation pro- 
ceeds exclusively from the brood-eai)Sule8. 

Brood-capsuies sometimes occur containing only one scolex. These 
capsules are developed in the same manner as those containing many scolices. 

As to the signification of the daughter-cell formation in general, it may 
be assumed that it does not indicate a progressive development of genera* 
tions, for scolices in the daughter-ceUs do not exhibit any other than indi- 
vidual differences from those which are formed in the mother- cells; all 
soolioea in a compound echinococcus cyst are equally adapted for develop* 
ment, under certain conditions, to the state of tccnia echinococcus, 

TV, The object of Dr Krabbe's work, which comes before us in the 
form of a handsome quarto volume, illustrated with seven well-executed 
copper-plates, is, as we are informed in the opening paragraph of the pre- 
face, to ascei*tain the source of the so-called hydatid disease endemic in 
Iceland, with a view to discover how far and by what means its occurrence 
may most advantageously be prevented. ^ 

'' Eschricht's investigations have shown that this affection consists in 
the development of echinococci-cysts in the different organs of the body, 
and as it occurs not only in Iceland, but also sporadically in other coun- 
tries, and among these with us, it was to be expected that the corresponding 
tapeworm should, on careful examination, be found with us also. From 
the discoveries recently made with reference to the development of hydatid 
tapeworms, it was to be inferred that the dog, and possibly the cat, har- 
boured this parasite. Partly with the hope of finding it in this country, 
partly also in order to become better acquainted with the occurrence of 
intestinal worms in general in these two domestic animals, and so to obtain 
a basis of comparison with the corresponding state of things in Iceland, I 
have, in the course of many years, examined in the Boyal Veterinary and 
Agricultural College, a great number of dogs and cats." p. 3. 

Some of the author's statistics may not be uninteresting in a Zoological 
point of view. The first section of his work is devoted to " Entozoa in the 
intestinal canal in the dog and cat in Copenhagen.** During the years 
1860 — 63 he examined 500 dogs of various sizes and ages, from some 
months to 17 years old, which were broiight in to the institution already 
mentioned, either dead of disease or for the purpose of being killed. 
Among these 500, intestinal worms were met with in 336 or in 67*^/0. 
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Tctnia rruvrginata occurred 71 times or in li"/, 

coenurus ,, 5 ,, 1 

aerrata „ 1 fj 0*2 

Echmo€oecu9 „ 2 ,, 0*4 

Tcsnia cucumerma ,, 240 ,, 48 

JBotkriocephalua Sp. .,, 1 „ 0'2 

Aecaris marginata „ 122 ,, 24 

Dochndua trigonocepJudtM ^ „ 2 

Of cats lie examined in the years 1861 — 64, 100, for the most part 
aged, which vere brought in to be killed, only a few had died of diBeasa 
In 78 of them intestinal worms were met with, viz. Tcenia craasicoUis^ 
5 times; Tcenia ellipticOf 57 times; BoUmocephaJ/us Felis, twice; Ascaris 
fnystax, 55 times. 

In Iceland the author examined, in addition to the dogs which serred 
for experiments by feediug, and 17 dogs on which the effect of anthelmin- 
tics was tried, some few pups, and 100 dogs over a year old. In 93 of 
these entozoa were found in the intestinal espial, viz. : 

Tcenia Mo/rffinatay 75 times. 

CcennruSf 18 times. 

Echmococtms, 28 times. 

CucumeriTuiy 67 times. 

Gania Lagopodie, 21 times. 

Bothriocephalua fuscua {atricte, reticttlaitta and dubiua), 5 times. 
Aacari^ Marginata, twice. 

In 31 cats, intestinal worms were discovered 25 times, or in 817oy vizL : 
Tamia craaaicoUia, 7 times, or in 23 per cent. ; Tcmda Gcmia LagopocUaj 
11 times, or in 35 per cent ; Aacaria MyaiaXy 16 times or in 52 per cent 
Towards the dose of his volume, the author details some carefully per- 
formed experiments, which, in his opinion conclusively prove that the 
Echinococci of man, as well as those of animals, are developed in the dog to 
the state of Tcenia Eddnococcua^ whence it would necessarily follow that 
both owe their origin to the ova of the tapeworm. 



Dr AUbutt {Proc, of Med, Gh. Soc v. 193) gives a case of Prexatubs 
Menstruation in a child 1^ years old. It occurred with regularity each 
month ; and its exhausting effects proved &tal after the fifth time. Ex- 
haustion and death have been the result in the other cases of the kind that 
have been recorded. 

Dr B. W. Richardson stated, in the Physiological Section of the British 
Association at Nottingham, that a nerve paralysed as to its conductive 
power of motion or sensation by the ether spray, still transmits electric 
currents; and he believes that electric currents and nerve currents have very 
little relation to one another, and that the part played by electricity in the 
animal functions, especially the nervous and muscular, has been much over- 
estimated. 

Mr J. B. Lawes and Dr J. EL Gilbert, in a paper read at the British 
Association, draw the following conclusions from a number of experiments 
made by them. Certainly a large proportion of the £Bit of the herbivora 
fattened for human food must be derived from other sources than &t in 
the food. When fed on the most appropriate &ttening food, much of the 
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slored-tip fat must be produced from the oarbo-hydrates. The mtrogenotis 
ooDstitaeiits may alao serve as a souroe of &t, more especially in defect of a 
liberal supply <^ the non-nitrogenous ones. 



Psychology of the Greeks. From a paper on Plato's Thecetehu, read 
before the Cambridge Philosophical Society, May 31st, 1866, by £. M. 
Cope, Fellow of Trinity College. All the old philosophers identified, or at 
any rate did not distinguish, thinking and sensation or feeling. The alleged 
separation of mind and matter, first introduced into philosophy by Anax- 
agoras, was but a crude conception never applied in detail, stopping short 
at the very commencement and leading to no further research or analysis. 
Protagoras^ with all his versatility and manifold accomplishments, was not 
in advance of his age in psychological knowledge, and like his contempo- 
raries made no distinction between thinking and feeling. Socrates was far 
too busily engaged with his ethical generalizations to bestow any time or 
attention upon psychological investigation. The discussion in the Thecetetvs 
of Plato is interesting as the earliest attempt remaining to classify psycho- 
logical phenomena. In it is suggested or implied a division of three modes 
of apprehension of things, viz. sensation ; opinion or belief, which is fidlible, 
liable to error, never rises beyond prol)ability, and is derived from sensation 
and memory; and knowledge, iwumjfiTj, which is constant, universal, and 
infaUible; and to these modes of apprehension, or mental operations or 
processes, special faculties must necessarily correspond. 

The passage in which Protagoras' view of the mode and the objects of 
apprehension is most clearly set forth occurs in TheceU 161. o, where 
Socrates expresses his wonder that Protagoras had not made a pig or a 
dog-faced baboon, or any other out of the way (aroTrov) creature, his 
measure and standard instead of man; any animal tcSv ^x^^*^^^ aur&iQariy — 
from which it would seem that alaOrjaris according to Protagoras is common 
to all animals, and tkexefort excludes all thought and all purely intellectual 
action. In like manner Aristotle, d% Anim. u. 2, distinguishes animal 
from vegetable by the attribute of sensation : nothing being entitled to the 
name 'animal' which has not at least the sense of touch, though some 
animals want even the power of motion. Vegetable, the lowest form of 
life, is distinguished by the possession of the nutritive faculty alone. This 
induces him to reject the opinion of Plato, who ascribed iviOvfjua to plants : 
this, he says, would involve pleasure and pain, and sensation or feeling in 
general^ which is the very thing that distinguishes animal from v^etable. 
«-c/H <hn'<0V^ L 1. 3. 



Mr H. Seeley, of Sidney Sussex College, read a paper, the result of much 
thought and study, at the Cambridge Philosophical Society, Feb. 26, 1866, 
on a New Theoby of the Skull and the Skeleton. As a necessary 
preliminary enquiry he considered the theory of a simple ossification and 
the mechanical forces — ^pressure and tension — acting upon bones during 
their growth, regarding secondary ossifications or epiphyses as regulated by 
thenL His view of a vertebra corresponds with thisit usually held. The 
brain-case he regards as consisting of one vertebra of which the basi- 
sphenoid is the centrum, the lower jaw the rib and the other parts the 
epiphyses. 

We have received from Prof. Yan der Hoeven of Leyden a note on the 
Cabpub and Tabsus of the Cbyptobranchus Japonicus, which he has 
lately had an opportunity of dissecting. He finds the carpus to consist of 

VOL. I. 13 
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eight cartilaginous pieces, viz. three in the first row — a 'radial' or sca- 
phoid, an * ulnar' or cuneiform, and an 'intermediate' or semilunar — ; 
four ' carpals' in the second row, corresponding with the trapezoid, magnum 
and cuneiform and bearing the four corresponding metacarpals; and a 
large ' central' piece articulated with the radius and all the other carpal 
bones except the trapezoid. In the tai-sus are ten pieces, viz. three in the 
first row — a 'peroneal' or os calcis, a 'tibial' and an 'intermediate' corre- 
sponding with the astragalus — ; five 'tarsals,' con^esponding with the three 
cuneiform and the cuboid and bearing the five metatarsals; and two 
'central' pieces, of which one corresponds with the scaphoid. The presence 
of two ' central* pieces in the tarsus is, so far as we at present know, pecu- 
liar to this gigantic batrachian. Although the carpus and tarsus were 
cartilaginous the metacarpals and metatarsals were fully ossified. 



THE VEN^ INNOMMINAT^ ENTERING THE RIGHT 
AURICLE SEPARATELY, AND EACH JOINED BY A 
VENA AZYGOS. 

The specimen of this interesting example of the persistence of a fcetal con- 
dition was dissected and sent to me this summer by mj friend and former 
pupil, Mr A. Godson, of Trinity College. 

The right vena innominata pursued the ordinary course of the superior 
cava to the right auricle, being joined, as usual, by the vena azygos, which 
ascended on the right side of the aorta, receiving the right intercostal veins 
and turning over the right bronchus. 

The left vena innominata, instead of passing across to join the right, 
descended in front of the arch of the aorta and the left pulmonary artery 
vein and bronchus, then passed behind the left auricle, forming part of its 
wall, across to the right auricle, into the back of which it opened. The 
orifice, which was large, was situated between the lower margin of the valve 
of the foramen ovale and the opening of the coronary vein\ There was no 
trace of the valve of Eustachius. 

A left and smaller azygos vein ascended along the lefl side of the aorta, 
receiving the left intercostals and crossing forwards over the arch of the 
aorta, joined the left innominate vein. 

The similarity of this variety to the usual arrangement of the veins in 
birds and reptiles is obvious. In them the two precaval veins, the homo- 
logues of the innominates, descend to the auricle, each receiving a vena 
azygos. The azygos veins, or their homologues the vertebral or cardinal 
veins, are in fishes of much larger size, commencing at the tail-fin and 
receiving, as they pass forwards, the blood from the osseous and muscular 
segments; and each joins the jugular of its side forming the precavals. In 
the higher classes they are reduced in importance in consequence of the 
inferior or posterior cava receiving much of the blood from the vertebral 
segments as well as from the hinder limbs and pelvis. 

Thus in fishes the blood of the right and left sides of the trunk and 
head is conveyed, symmetrically, by the respective separate precaval veins 
to the auricle. In reptiles and fishes the symmetry disappears posteriorly, 
the blood of the two hinder limbs and the hinder part of the trunk being 
conveyed by one — the 'post caval '-trunk — to the heart; while the blood of 
the right and lefl sides of the ybra part of the trunk head and the fore }imb9 
reaches the heart, symmetrically, by the respective right and left precavse. 

^ In the bird the precaval passes behind the left auricle on its way to the right, as in 
this instance, and receives the coronary vein, which has not, therefore, as it had in this 
specimen, and usually has in mammals, a separate opening into the auricle. 
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ItL mammals symmetry is lost in front as well as behind ; the streams of 
the left side of the fore» as well as of the hind part, crossing to the right 
before reaching the heart : the left azygos joining the right behind the 
heart, and the left innominate joining the right in front of it. In the 
specimen under consideration, therefore, and in the early foetal disposition, 
of which it is a persistence, we have the symmetrical disposition of the 
▼eins retained in front, while it is lost behind, which is a resemblance to 
the avian and reptilian rather than to the piscine characters. 

The only point in which the specimen diflrei*ed from the fcetal disposi- 
tion of the veins, as described by KoUiker and others, is in the left innomi- 
nate or precaval, having an opening separate from that of the coronary vein, 
whereas in the foetus the coronary usually opens into the precaval ; and 
while, in coarse of development, the remainder of the precaval becomes 
obliterated, its terminal part remains as the terminal part of the coro- 
nary vein- 

The cause of the arrest of the ordinary process of development in this 
instance was not obvious. The transfer of the current of the innominate 
blood from the left precava behind the auricle to the right precava, and the 
obliteration of the left precava as well as the upper part of left azygos, 
which take place in the ordinary course of the development of the foetus, is 
probably due, in part at least, to the pressure exerted upon the left precava 
by the increasing size of the left auricle, which we may suppose obstructs 
the flow of blood through it, and causes it to be diverted through a commu- 
nicating vessel (the left innominata) in front of the aorta to the right vena 
cava. In the bird and reptile this obstruction and consequent diversion of 
the current do not take place because the left auricle remains in them of 
comparatively small size. Whether the more oblique direction of the heart 
in mammals as compared with birds and reptiles has any effect I cannot say. 
In this specimen, however, there was no appearance of any deficiency of 
size in the left auricle. A failure in the formation of the transverse trunk 
which becomes the innominate may have been a cause of the persistence 
of the current in its primitive course ; but this could not be ascertained to 
have been the case. No other peculiarity was remarked. 

G. M. HUMPHRY. 



In his first lecture, as Professor in the Boyal College of Surgeons 
(reported in the Lancet^ June 9 and 16, 1866), Mr Hancock enters carefully 
into the anatomy of the Human Foot, and discusses certain views respecting 
it, given in my works ' On the Human Skeleton' and * On the Foot and 
Hand.' 

First : with regard to the influence of the strong plantar fascia and the 
calcaneo-scaphoid ligament in maintaining the arch of the foot, he seems to 
think that I attribute too much to the ligaments, and omit to take the 
muscles into account; and he rightly questions whether the ligaments 
" possess sufficient elasticity or contiuctile power to accommodate themselves 
to the various requirements of the part,'^ and goes on to explain the effect 
of the muscles in supplementing the ligaments under different circum- 
Btanoea. Had Professor Hancock read a little further he would have found 
the account that I give very closely agreeing with his own. I speak of 
the plantar ligament, it is true, as a 'tie-beam' or 'girder,' but as having 
'*an advantage which no tie-beam can ever possess; inasmuch as a quantity 
of muscular fibres are attached along the hinder part of its upper surface. 
These instantly respond to any demand that is made upon them, being 
thrown into contraction directly the foot touches the ground ; and the force 
of their contraction is proportionate to the degree of pressure which is made 
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upon the foot Thus they add a living self-regulating power to the passive 
resistance of the ligament*' {Ths Hwrnam, Foo% p. 25); and I enter at 
some length on the assistance rendered by the muscles to the ligaments, 
(pp. 44, 71 et seq.). 

Secondly; alluding to the view that in the higher classes of man the 
leverage afforded by the heel is comparatively shorty and the calf-muscle is 
well developed as a compensation, so establishing a relation between short- 
ness of heel, size of calf and conformation of skull, or intellectual capacity 
(p. 50), Professor Hancock submits "that the loss of power is not due 
either to the rapid descent or vertical direction of the heel-bone, but simply 
to the shortness of the projecting leverage behind the ankle." What I 
maintain is, that the shortness of the projecting levei'age is due to the rapid 
descent of the heel, which is a necessary attendant upon the high plantar 
arch of the well-formed European foot, and is associated with a well-d^ 
veloped calf-muscle to compensate for the diminished leverage; and I can- 
not see that Professor Hancock adduces any good reason for questioning 
this. 

Thirdly; the Professor objects to my describing the astragalus as the 
* summit' a^d * key-bone' of the plantar arch, because the astn^alus is not 
situated in the oentre of the arch, and he considers that from the position 
which the scaphoid occupies in the foot there can be no doubt that it is the 
true key-bone of the arch. " In mechanics," he says the " key-stone is that 
which is inserted, wedge-shaped, into the centre of an arch immediately 
over its crown or highest central spot from the ground, having an equal 
extent of arch on either side." This is all very true of an ordinary arch 
when the highest stone, which is the key-stone, is the centre-stone ; but the 
highest, or key-stone, is not necessarily the central stone ; and in the insteps 
which is not an ordinary arch, the highest bone (the astragalus) is not the 
centre bone. It i% however, none the less the key-bone. It is the bone 
upon which the lines or springs of the arch (they are nearly straight lines, 
not curved as in an ordinary arch) converge : it receives the whole weight 
and distributes it through the two sides to the springs of the arch. To 
neither of these requirements does the scaphoid answer. It is not the 
highest bone; it does not receive the whole weight, and it does not distri- 
bute any of the weight in the two directions, but only transmits the share 
of weight which it receives to the fore limb of the arch. I cannot there- 
fore agree with Professor Hancock, and must adhere to the opinion that 
the astragalus and not the scaphoid is the key-bone of the instep, the os 
calcis forming the short and the scaphoid cuneiforms and metatarsals the 
long limb of the arch. 

G. M.H. 



OAXBBIDGB : FKUITED AT TBX UVIVIBSITT FBSSS. 



PLATE III 




K 40 



,/ 



L 




V H M' ¥uUn« LiCb' Sdm* 



■^^ _J" '-^-'X-^ 



-s^-r:^ -^ 



^_>j* »^->^ 



EXPLANATION OF PLATES. 



PLATE I. 

Fig. 1. Two rods of the frog, x 1000. In all the figoroB in this plate^ a marks 
the shaft, b the appendaga 

fig. % Cones of the frog, x 1000. In this and in the other figores in this 
plate, e marks the oone-head. 

Fig. 3. Transformation of the appendages of the cones and rods forming 
Sitter's ''axial fibres." d, stout dub-like yesicles; e, stalked yesicles;/, line 
of membrana limitAns externa. From a chromic add preparation of the frog's 
retina^ x670. 

Fig. 4. Two stalked yeddes displaying stellated yacuoles, x 670. From 
another part of the same preparation as the preceding figura 

Fig. 5. Rod-shafts of salamander, x670. 

Fig. 6. Cones and rods of anguis fragilis, x670. 

Fig. 7. Central cones of the chamdeon, x 670. 

Fig. 8. Peripheral cones of chameleon, x 670. d, the outer-granule in the 
inner end of the appendage ; e, the primitiye cone-fibre ; / membrana limitans 
6z:tenuL 

Fig. 9. Cones from the macula of the chameleon. The shafts are hidden in 
the chonnd. The letters indicate the same parts as in the last figure, x 670. 

Fig. 10. Cones and rods of a large green blue-spotted lizard (spe. incerta), 
x670. 

Fig. 11. Cones of emys or terrapene. r, red ; y, yellow beads, x 670. 

Fig. 12. Cones and rods of chelonia mydas. (The left three are the rods). 
dy outer-granule lying in the appendages ; r, red; y, yellow cone-beads. 



PLATE II. 

Fig. 1. Outer-granules of frog ; a, drcular ; b, myrtle-leaf granules ensheath- 
ed in appendages of the cones and rods; dj outer limiting membrane ; «, connec- 
tiye tissue stratum of the inter-granule layer, x 1000. 

Fig. 2. Outer-granules of the salamander; c, cone or rod-appendix ; /, primi- 
tiye cone or rod-fibre, xlOOO. 

a^b^d^e mark the same parts as in the preceding figure. 

Fig. 3. Three cone or rod appendages with primitiye fibres and outer- 
granules. From the turtle, x 1 000. The same letters are used as in the last 
figure. 

Fig. 4. Represents a yertical section of the outer and inner-granule, and 
part of the granular layer of the turtle. 

A, outer-granule layer; t, inner-granule layer; *, granular layer. 

a, drcular outer-granules; d, outer limiting membrane; g, inner-granules; 
/, a compound cone or rod-fibre of the plexus, which contributes to the inter- 
granule layer ; m, a Midler's yertically radial connecting-tissue fibre. 
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Fig. 5. A brandied ganglion-cell of the tnrtle, x 1300. 

Fig. 6. Represents a yertical section through the outer layers of the retina 
ofthegecho^ x670. 

a, outer-granules lying in c, the appendages of the cones; b, primitiYe cone- 
fibres ; d, outer limiting membrane; e, connectiye tissue portion of inter-granule 
layer;/ finer oblique cone-fibres ; g, stouter ditto, formed by the union of the finer 
fibres; A, yerticaJQy radial connectiye tissue-fibres (Muller's) ; i, granular layer. 

PLATE III 

Fig. 1. A yertical section radial from the foyea centralis, and parallel to the 
bundles of the cone-fibre-plexus which forms the principal part of the inter- 
granule layer in this situation, a, oblique radial neryous bundles ; b, yertically 
radial connectiye tissue-fibres crossing the neryous bundles, x 670. From the 
chameleon. 

Fig. 2. A yertical section through the outer layers of the retina of the com- 
mon snake, near the ora, x 760. a, cone-shafts ; &, appendages containing outer- 
granules; c, membrana limitans externa; d, obliquely radial cone-fibres in the 
inter-granule lay^; e, connectiye tissue stratum of the same layer; / distant 
outer-granules (?) with primitiye cone-fibres; g, inner-granules. 

Fig. 3. Vertical section through the centre of the optic nerye of the boa, 
X 20. n, the nerye; jp, pecten; v, a blood-yessel pa^ssing out of the pecten and 
channelling the hyaloid capsular membrane of the yitreous humours ; r, retina ; 
ch, choroid; $c, sclerotic. 

Fig. 4. A yertical section through the inner layers of the boa's retina, x 1000. 
o^ the granular layer ; b, arcade-like spaces between Miiller's fibres whidi 
contain ^e ganglion-cells^ and optic nenre fibres; c, Mailer's fibres; d, membrana 
iimifama intema ; d, diyided blood-yessels in the hyaloid capsule of the yitreous 
humour. 

PLATE IV. 

Fig. 1. A yertical section through the inner layers of the gecho's retina, 
x670. 

a, finer obHquely-radial neryous fibres in the inner-granule layers; b, stouter 
do.; e, fibres passing from the inner-granules through g, the granular layer, to 
the ganglionic layer ; d, yertically radial connectiye tissue-fibres arising at /, from 
i, the membrana limitans intema ; e, inner-granules ; A, optic nerye fibres. 

Fig. 2. A yertical section tangental to the foyea centralis of the chame- 
leon, x670. 

a^ the choroid hi<Ung the cone-shafts ; b, the cone-appendages ; e, membrana 
limitans externa; dy outer-granules; ^ yertically radial connectiye tissue-fibres 
arising in /, a thin stratum of connectiye tissue constituting the smaller part of 
the inter-granule layer, and ending in c. These fibres form long spaces in whidi 
are seen g, the cut ends of the bundles of the nenrous plexus which composes 
the principal part of the inter-granule layer. 

Fig. 3. A yertical section through the centre of the chameleon's foyea, x 20. 
Cf choroid; b, bacillary layer; o, outer-granule layer; i, inter-granule layer; 
i\ inner-granule layer; g, granular layer ; n, optic nerye and ganglionic layers ; 
/, foyea. 

Owing to a slight folding of the section the cones appear shorter at the centre 
of the foyea instead of longest, as they actually ara 
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ACCOUNT OF THE DISSECTION OF A BUSHWOMAN. By 
W, H. Flower, F.R.S., F.RC.S., Conservator of the Museum of 
Ae Royal College of Surgeons of England, and James Mubie, 
• M.D. Prosector to the Zoological Society of London, 

Obsebvations upon the comparative anatomy of the different races 
of Man have hitherto been confined too exclusively to the external 
characters and to the skeleton. With very few exceptions the 
arrangement of the muscles, vessels, viscera, and even of the brain 
and nervous system, constitute at present an unexplored field; and 
numerous well-marked races of our species are passing away from 
the face of the earth without the slightest record being left on any 
one of these points. And yet in discussing questions, daily becoming 
of greater interest, relating to the unity or plurality of mankind, 
and the $imount of divergence of races, data such as these afford, 
whether their testimony be negative or positive, whether they tend 
to show absence or presence of variation from a given standard, 
cannot be neglected by the conscientious enquirer. 

The value of a single instance, such as that about to be recorded, 
may be considered by itself as insignificant, and yielding little result 
to compensate for the amount of labour expended upon it; it is, 
however, only by an accumulation of such instances that the mate- 
rials for the foundation of a scientific system of ethnology can be 
formed. 

The Bushman or Bosjesman race has, it is true, already received 
some attention from anatomists. A description of the brain of one 
of them by M. Gratiolet*, and, more recently, that of another by 
Mr Marshall', may be placed among the most valuable contributions 
hitherto made to comparative anthropotomy. The external charac- 
ters, especially of the reproductive organs, have formed the subject 

^ M4m, «ur Im plit etribraux de V Homme &c, Paris, 1854. 
* Phil, Tram. Roy, Soc. 1864. Part lu. p. 501. 

VOL. I. 14 



190 MR FLOWER AND DR MURIEfS 

of memoirs by Cuvier\ De Blainville', and Miiller*. Observations 
have also been made upon the peculiarities of the cranium and other 
parts of the skeleton in a very few individuals of the race. 

In or about the year 1853 two children of this race, a girl and 
a boy, were brought from their native country, by way of Port 
Natal, to England, and exhibited in London and the provinces. 
They were supposed at the time of their arrival to be about ten or 
twelve years old. The boy died a few years afterwards, and was 
buried in a cemetery in South Wales. The girl lived longer, but 
ultimately died in London, of pulmonary phthisis, on the 16th of June, 
1864, and her body was sent to the Royal College of Surgeons for 
the purpose of dissection. The general condition of the body, develop- 
ment of the teeth, and ossification of the skeleton, quite corresponded 
with the age assigned to her. 

We wiere unable to learn many particulars as to her mental con- 
dition and character, but she was described as possessing a fair 
amount of intelligence. She spoke English fluently, and showed an 
aptitude and fondness for music, playing the piano with fetcility. 

In compiling the following notes our attention was chiefly directed 
to the more perishable soft structures of the body. The skeleton, 
which is preserved in the Museum of the CJoUege, may form the 
subject of future examination. 

External Characters. 

In general outward appearance she bore evidence of being a 
genuine example of the Bushman race, agreeing in all the essential 
particulars with the "Hottentot Venus," as described by Cuvier*. 
The differences in detail, for the most part, may be attributed to the 
younger age of the present individual. 

The body on the whole was lightly built, and the limbs slender. 
There was no emaciation, however; indeed, we were surprised at the 
amount of subcutaneous fat in some parts ; on the front of the thigh, 
for instance, it measured 'Al' in thickness*. The very remarkable 
accumulation commonly found on the gluteal regions of females of 
this race, and so often alluded to by travellers, can scarcely be said 
to be present; at all events, it scarcely approached that described in 
the " Hottentot Venus." Still the fat of the buttocks was fully 1 J" 
in thickness, and the skin over it had a remarkably loose, flaccid, 

1 Mim. Mvs. Hist. Nat. 1817, p. 269. 

* BuU. Sei. 8oe, PkiUm. 1816, p. 188. 

• Arckivfur Anat, 1834, p. 819. * Loe, eit. p. 270, &Q. 

" It may be here remarked that the adipose tissue presented in an ontisiial degree 
the peculiar bright rich yeUow hue which it generally does in the dark-skinned races. 



ACCOUNT OF THE DISSECTION OF A BUSHWOMAN. 191 

and wrinkled character^ as if at some previous time it had been 
more fully distended. 

The total«weight of the body was 61 lbs. avoirdupoise. 

The height, measured after death, was 4' 7^", or four inches less 
than that of the "Hottentot Venus*." 

The following dimensions, taken with considerable care when the 
body was extended on the floor, will give an idea of the proportions. 
The first series are taken from a line drawn transversely across the 
vertex of the cranium, the line of measurement being always paral- 
lel to the axis of the "body. 

inches 

From the vertex to the chin 80 

top of shoulder 9*0 

upper part of sternum 10*5 

tip of ensiform cartilage 16*3 

umbilicus 22*3 

upper edge of the crest of ilium ... 23*0 

perinseum 300 

tip of middle finger, the arm being 

placed by the side 32*0 

lower edge of the patella 41*3 

sole of the foot 55*5 

Transverse breadth of the head 5*2 

shoulders 120 

thorax at axilla 8*7 

thorax at lower part 84 

pelvis at crest of ilium 8*6 

pelvis at great trochanters 11*0 

Length of humerus* lO'l 

radius 7*3 

ulna 7*9 

femur 14*7 

tibia 11-7 

spine from upper border of ) 2^.^ 

atlas to tip of coccyx J 

spine to the last lumbar vertebra (Cams' module) 18'6 

Circumference of the chest at the lower margin of the 

sixth rib 26*6 

Span of the arms when extended 53*2 

The hands and feet were small and delicately formed. The fol- 
lowing dimensions were taken from the right hand in parallel lines 

^ This aooording to Cuvier was 4' 6" V", French measurement, or rather more than 
4' llj" Engliflh. 

* The measnrementB of the limb-bones were oorreoted after the skeleton had been 
macerated. 

14—2 
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from the level of the radio-caxpal articulation to the extremities of 
the fingers. 

* inches 

Length from wristr-joint to end of poUex 4*0 

index 54 

medius 5*7 

annularis 5*5 

minimus 4*7 

to the root of middle finger 33 

The breadth of the palm at the bases of the fingers was 2-5". 
The end of the thumb reached to within a quarter of an inch of the 
end of the first phalanx of the index finger. The nails were well 
formed, narrow, with straight parallel sides and a moderate amount 
of curvature. 

The feet had suffered somewhat from the practice of wearing 
shoes of the ordinary European shape, by which the ends of the toes 
are pressed together and towards the middle line of the foot. Both 
feet agreed precisely in their dimensions, which were as follows : 

inches 

Length from the heel to the end of the hallux 7*7 

second toe 7*55 

third toe 7*35 

fourth toe 7*0 

fifth toe 6-6 

Breadth of the foot at the metatarso-phalangeal articulation 3*0 

The second and third toes were distinctly more s3mdactylous than 
any of the others. The distance of the bottoms of the cleffcs between 
the toes from a line drawn across the end of the second toe at right 
angles with the axis of the foot, measured : 

inches 

First interspace or cleft 1*3 

Second 1*1 

Third 1-4 

Fourth 1-6 

A comparison of the dimensions with those of a standard Euro- 
pean type will give the following results. 

Having projected a diminished outline of the entire body on 
paper, we first compared it with the beautiful female figure given in 
G. V. Cams' *' Proportionalehre^ which appears to have been drawn 
with great care and accuracy. In order the more readily to illustrate 
the comparison, we have enlarged the principal measurements of that 
figure to a scale corresponding with that of the Bushwoman, t. 0. 
made the height the same, and placed them in contiguous columns: 
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Buflhwoman Gftnis* figure 

From vertex to chin 8*0 7*45 

top of shoulder 90 lOS 

end of hand 320 36o 

From top of shoulder to end of hand 230 26*2 

From vertex to umbilicus 22*3 228 

perinaeum 300 306 

Breadth at shouldera 120 12*8 

thorax 87 89 

crest of ilium 86 103 

between the great trochanters ... 11*0 11*8 

From these data it is seen that in the Bushwoman the head is 
slightly longer, the shoulders are placed much higher, the arms are 
very markedly shorter (three inches), the legs slightly longer (half-an- 
iDch), the umbilicus placed somewhat higher, the shoulders naiTower, 
but the thorax is nearly equal in breadth, while the pelvis is consider- 
ably narrower, this disproportion of pelvic breadth, however, being 
much less marked opposite the trochanters. The principal peculiarity 
then in the Bushwoman appears to be the shortness of the upper 
extremities, which is also well expressed in the distance from finger- 
tip to finger-tip of the outstretched arms ; this distance being fully 
two inches less than the total height of the individual instead of 
equal to it, as is commonly the case in the European. 

For the purpose of examining more closely the relative propor- 
tions of the different segments of the body, we have placed the 
measurements (reduced to a scale, the height being as 100) in a table, 
with similarly reduced measurements taken from Professor Hum- 
phry's work on the Skeleton*. The upper row of the table contains 
an average series of proportions derived from 25 European skeletons, 
the second row the average from 25 Negroes, the next is taken 
finom three Bushmen, and the fourth (for a purpose presently to be 
mentioned) from a number of European children of from four to six 
years of age, while the fifth and last row is from the subject of the 
present communication. 
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European 100 

Negro 100 

Bashinan 100 

European children) 
4 to 6 yeard old | 
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11-23 
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2215 


16-03 
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19-52 


1616 


12-42 


27-40 


23-23 


17-90 


31-48 
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16-37 


11-11 


27-78 


23-89 


13-78 


33-71 


18-85 


13-71 


11-71 


26-00 


20-2S 


14-57 


33*33 


18.20 


1315 


10*27 


26-49 


21-08 13-87 



1 The Human Skeleton, Cambridge, 1858, p. 108, Tub. iv. 
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Her proportions, therefore, differ widely from the average stand- 
ard of the white and black races, in so far as these are represented 
in the accompanying table, and even from the three recorded exam- 
ples of her own race. Some difference must certainly be allowed 
for sex, the above quoted table being compiled apparently from 
subjects of both sexes indiscriminately, with probably a preponder- 
ance of males. The shortness of the upper limbs appear as a marked 
feature, and is distributed through each of its segments in about 
equal proportions; whereas in the other Bushmen and Negroes the 
upper limb, more especially the radial segment, is considerably longer 
than in the European. The lower limbs also appear in this table 
proportionally shorter, which was not the case in our previous com- 
parison with the standard given by Cams; but this may be due 
partly to sex. The hands and feet present the remarkably diminu- 
tive condition characteristic of the Bushman race, contrasting strongly 
in this respect with those of the Negro. Perhaps the most interest- 
ing general feature is, that there is no indication of that pithecoid 
elongation of the distal as compared with the proximal segments of 
the limbs seen in the Negro, but rather the reverse. 

On comparing the proportions of the segments of the limbs with 
the mean of those of numerous individuals at various ages, as given 
by Humphry ^ we are struck with the remarkable agreement between 
them and those of the European child between four and six years 
old. It would indeed appear as if the proportions of a child of that 
age had been permanently retained. 

The details of the hands and feet present nothing very different 
from the ordinary European type. Race differences might naturally 
be looked for in the comparative length of the toes or the depth 
to which they are divided, as so great a difference in this respect is 
found between man and the anthropoid apes, and. also among the 
genera of the latter. But we could find no external character in 
the Bushwoman's foot that would differentiate it from that of the 
European. The great toe is rather the longest, but such is the case 
in many individuals of the higher races, although according to the 
canons of ancient art it should be shorter. 

It is not a little remarkable that a hallux shorter than the second 
toe should have come to be considered as necessary to the perfect 
beauty of the human foot. As the hallux is so frequently suppressed, 
or rudimentary, in the lower mammals, and as its comparative short- 
ness is characteristic of all apes, while in man alpne it approaches or 
surpasses the second toe in length, we might naturally look to an 
elongated great toe as a mark of superiority of type, and expect to 
find it most developed in the higher races of mankind. 

^ Loc, ciu p. Ill, Tab. vin. 
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The prevailiDg colour of the skin may be described as a light 
yellowish brown, tolerably uniform in tint on all parts of the body, 
but the abdomen and thighs were a shade darker than the face and 
neck. The palms of the hands and the soles of the feet were almost 
white. 

The face was remarkable for its great general .breadth and flat- 
ness, and presented that resemblance to the Mongolian type of 
coimtenance previously noticed by several authors. The outline was 
peculiar and characteristic, being very broad in the malar region, 
contracting above at the forehead, but tapering more markedly and 
suddenly below to the narrow chin. The supra-orbital ridges were 
moderately prominent, and there was very Uttle depression at the 
root of the nose. The forehead was moderately developed. One of 
the most striking characters of the features was the great space 
between the eyes, which measured 1*8". A prominent fold of skin 
curving round from above the upper lid to the side of the nose 
completely covered the inner canthus of the eye. The apertures of 
the eyelids were placed horizontally, and measured '95" in length. 
The irides were dark brown, and the conjunctiva had an olive-brown 
tinge. The nose was nearly straight in profile, broad and very much 
depressed, 1*5" across the cUce, and but '5" from the root of the 
septum to the tip. The grooves separating the cUcb nasi from the 
cheek were little marked. Nostrils patulous, of a regular oval form, 
•5" in length and '3" in breadth, opening downwards and slightly 
forwards. Septum narium short and broad. Aperture of the mouth 
IT' in width; lips broad and everted, more especially the upper one. 
Chin flat, narrow, and rather angular. The pinna of the ear 2*1'' in 
vertical diameter, with the lobule very shghtly developed. 

The hair on the scalp was black, and arranged in numerous sepa- 
rate tufts, each composed of a bunch of fine spirally-curled hair, 
much interwoven. The length of the tufts on the top of the head 
was from 1" to 1^', becoming shorter and smaller at the edges of the 
scalp Several of the individual hairs when pulled straight were 
found to measure 6" in length. On a careful examination of the 
scalp it was ascertained that the haii' did not grow in distinct patches 
with bare intervals, as has been asserted, but the root§ were evenly 
scattered, the aggregation into tufts being due to* a peculiar tendency 
in the hairs themselves. 

The eyebrows were very scanty. The eyelashes consisted of short 
fine hairs, '2" long on the upper and scarcely perceptible on the 
lower lid. In the axillae were a very few, fine, curled hairs, not 
exceeding ^" in length. On the pubes and labia majora a few small 
scattered tufts of crisply-curled fine black hair were present; when 
pulled out straight they measured 2" long. 
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The mammsB were situated exactly over the fourth and fifth ribs, 
and were 5" apart at the inner edges of their bases. They were 
soft, flaccid, and subpendulous; 3" in diameter at the base, and about 
the same from base to apex. Nipple very slightly prominent, of a 
blackish brown hue and ^" in diameter. An areola, darker than the 
neighbouring skin, extended around for 1 J" from the centre of the 
nipple. 

The remaining external characters will be described under the 
head of Oenerative Organs, 

Muscular System. 

In describing the muscles it has been considered necessary to 
refer here only to those presenting some special points of interest. 
At the same time it is right to state that, with the exception of 
those of the eye, pharjmx, and deep layers of the vertebral region, 
every individual muscle of both sides of the body came under our 
scalpel. In the case of those not particularly mentioned, it may be 
presumed that no departure was observed from the typical arrange- 
ment in the white races. 

Mvsclea of the face, — Although the facial muscles exhibited 
nothing very unusual, the interest attaching to whatever concerns 
the anatomy of expression and of the physiognomy may render them 
worthy of being mentioned. 

Orbicularis palpebrarum, — This was rather delicate and pale, as 
were the remainder of the muscles of the face. It was, as usual, 
elliptical in contour, the most marked curve being to the outer angle 
and lower part of the orbit. 

The pyramidalis nasi was represented by fibres reaching down- 
wards as far as the lower part of the nasal bones ; its upper portion 
was about f " in breadth. 

Compressor nam.— Distinct though scanty in fibres. Its greatest 
breadth was J"; the upper edge being parallel with the free border 
of the nasal bones. 

The levator labii superioris alceque nasi did not appear to be 
double ; at least, we could not easily separate it into two slips. The 
fibres that existed descended to the ala of the nose, the outer and 
lower border of them intermingling with the following. 

Levator lahii superioris proprius. — Fully ^" broad in its origin at 
the lower and inner border of the orbit. Its fibres as they passed 
downwards increased in breadth by their union with those of the 
levator labii superioris alaeque nasi and the zygomaticus minor, the^e 
three muscles having a common insertion into the orbicularis oris. 

The zygomaticus minor was partly fused with the orbicularis 
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palpebrarum and zygomaticus major above; immediately below this 
was well defined and with a considerable body of fibres. Its inser- 
tion was common with the preceding muscle. 

Zygomaticvs major. — Well developed; it united with the levator 
anguli oris at its insertion. 

The depressor anguli oris and the depressor labii in/erioris were 
both unusually well developed, the latter forming a distinct promi- 
nence, and mainly causing that protuberant under lip so characteristic 
of the Negro tribe. Their attachments were as usual. 

Ear muscles. — The retrahens aurem was moderately developed. 
It arose by two slips from the base and middle of the mastoid 
process, and had the usual insertion. The attoUens and attrahens 
aurem were injured in removing the calvarium. 

Muscles of the front of the neck and of the abdomen, Stemo- 
mastoid, — The sternal and clavicular attachments of this muscle 
were distinct. The former arose by a long slender tendon ; the 
latter by muscular fibres from the inner end of the clavicle of a 
breadth of IT. 

Omo-hyoid. — This muscle presented the peculiarity on both sides 
of having no origin from the scapula. Its inferior extremity spread 
out to form a somewhat widened attachment to the clavicle about 
an inch from the outer end and behind the trapezius. The muscular 
fibres in ascending the neck had no appreciable tendinous inter- 
section, but were enclosed and bound down by fascia^ so as to 
produce the bending or angular change of direction, which however 
was less marked than usual. Above the muscle was adherent at its 
inner edge to the stemo-hyoid and ended in a tendinous fascia, 
•3" in length, over the hyoid bone and rather to its outer side. 

The attachment of the omo-hyoid muscle to the clavicle does not 
seem to be peculiar to the Bushman, nor indeed very rare in Euro- 
peans, as Hallett* states that it was found by himself in five subjects 
out of a hundred, and he gives three per cent as the general average 
of its occurrence. Mr Turner* agrees with Hallett as to the fre- 
quency with which it is observed, and further states that in 17 cases 
in which he has seen this anomalous posterior attachment, in 8 it 
occurred on both sides, in 4 only on the right, and 5 only on the 
left side. 

Cephalo'humeralf or Cleido-occipitaL — Among the more striking 
variations in the muscular system may be mentioned the presence 
of a distinct cephalo-humeral. This existed most markedly on the 
left side, as a long narrow slip of fibres which arose from the occiput 

1 Edinh. Med. and Surg. Journal^ 1848 and 1849, pp. 8, 4. 
« Ibid. 1861, p. 982. 
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half an inch to the outer side of the trapezius, and proceeding down 
the neck, at nearly an equal distance and almost parallel ^ih the 
outer border of that muscle, for a distance of about a couple of indies, 
then diverged outwards, and crossed the posterior inferior triaa^e 
of the neck, its fibres being inserted into the outer and anterior aspect 
of the clavicle, an inch from the acromio-clavicular articulation, 
(fig. 1. C. A.) At this point it« fibree were in close relation with those 
of the trapezius, but yet clearly separable. At its origin it was 
closely adherent to the splenius capitis, over which it lay. 



Fig. 1. 



ri^ 



Some of the tdder anatomists mention an occasional slip derived 
&om the trapezius, and Quain' figures such an example. 

Hallett' refers to three instances which came under his own 
observation, but Mr Wood* was, so far as we are aware, the first 
clearly to indicate and figure this slip, as an occasional representative 
in man of a muscle, which in some of the Quadrumana and lower 
mammals is of tolerably constant occurrence. In these as in man it 
is sometimes partly fused either with stemo-cleido-mastoid or the 
trapezius, but as often (in the Camivora for example) forms the 
distinct and veiy peculiar cephalo-humeral muscle of comparative 
anatomists. 

While admitting that the term " cleidoHDccipital " given to it by 
Mr Wood is more expressive of this muscle's attachments in man, we 

' Plates of the Aiteries, PI. 25. 

* Loe. HI. Jul. 1846, p. 7, and July 1848, p. 6. 

' "Tarietiesin Hmnan Myology," Pro*. Jioy. Soe. 1866, p. 230, fig. 7a, 
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prefer to retain the term ''cephalo-humeral'' on the grounds of its 
having the priority, of its indicating clearly the attachments of the 
muscle when completely developed, and moreover as leading to a 
keener appreciation of its interest as an abnormal muscle in the 
human subject. 

The rectus abdominis muscle had three well-marked transverse 
tendinous bands. 

The psoas parvus was absent on the left side. The inconstancy 
of this muscle is well known to all anatomists. Hallett has shown, 
in opposition to older authorities, that sex has no influence on its 
existence, and that it is more frequently found on the right than the 
left side. 

Muscles of the hack of neck and trunk. — ^There was no trace of any 
fibres continued from the normal kuissimus dorsi to represent the 
dorso-epitrochlear of the lower mammalia. 

The levator angvli scapulcB arose from the posterior tubercles 
of the firsts second and fourth cervical vertebrae, and had the usual 
insertion, but there was also an additional slip which passed down- 
wards to the middle of the serratus magnua This latter may be an 
indication of the levator daviculcB noticed by M^'Whinnie, and well 
known to comparative anatomists, though the name was first recog- 
nised in human myology by Wood\ 

The splenius colli was inserted by a double tendon into the 
transverse processes of the two upper cervical vertebrae, the lower 
tendon being the larger. 

The cervicaMs ascendens was distinctly separate from the sacro- 
lumbalis. It arose by delicate tendons from the posterior angles of 
the first, second, third and fourth ribs, which joined in a muscular 
belly sending off similar slips to the transverse processes of the sixth 
and seventh cervical vertebrae. 

A long thin muscle occupied the place of the transversalis cervids. 
It arose by a strong tendon from the tip of the transverse process of 
the tenth dorsal vertebra, and ascending in a straight line became 
muscular opposite the sixth rib, where it was as much as four-tenths 
of. an inch in breadth, but tapered towards the second rib, at which 
pl£U^ it formed a tendon which terminated by insertion into the 
transverse process of the fifth cervical vertebra. 

The trachelo-mastoid was divided into two portions. The one, 
a flat fleshy muscle, arose by delicate tendons from the posterior part 
of the transverse processes of the first, second, third and fourth dorsal 
vertebrae, and was inserted into the articulating processes of the second 
to the seventh cervical vertebrae. The other, or mastoid portion, thin, 

^ Lo€. cit. 1864, p. 800; 1865, p. fig. la; 1866, p. 230. 
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delicate, and membranous, sprung by delicate tendons from the 
transverse processes of the fourth and first dorsal, and from the 
seventh, sixth, and fifth cervical vertebrae, as also by membranous 
attachment from the first and second cervical vertebrae. It was 
inserted into the whole length of posterior border of the mastoid 
process. 

As frequently happens, the compleams and btverUer cervicia were 
partially united. They arose by muscular slips from the seventh to 
the second dorsal vertebrae, and from the transverse processes of the 
seventh to the second cervical vertebrae, ascending by two heads; the 
one (1" broad) was inserted into the superior curved line of the occi- 
put, the other, smaller in size, joined the corresponding muscle of 
the opposite side of the neck, both being inserted into the posterior 
tubercle of the occiput. 

The occipital group of muscles were all strongly developed. The 
rectvs capitis posticus major was partially divided into two, the outer 
portion being the larger. The obliqtms capitis superior was also in 
two layers, the one inserted into the outer end of the oblique line of 
the occiput, the other into the roughened line beneath this. 

Among the anatomists of last century Albinus^ and Sandifort' 
both mention an additional slip as occasionally found with the rectus 
capitis posticus major, and Douglas' says that it is ''as it were divided 
into two thin portions ;" in the dog, where it is double, he names the 
second portion rectus mediiis. 

Muscles of the upper limb. — ^As topographically connected with 
the muscles of shoulder and arm, we may mention that the transverse 
ligament of the scapula was unusually long. It extended &t>m the 
angle of the coracoid process and the superior border of the scapula 
to within 'S" of the posterior angle. Between it and the upper 
border of the scapula was a large oval opening 'T' long and '3" wide, 
through which both the supra-scapular nerve and artery passed. 
There was no proper notch to the upper border of the scapula. 

Triceps. — ^The two usual humeral origins were fused into a single 
head, which reached as high as the insertion of the teres minor. 
Scapular origin normal. 

The ccymco-hrachialis arose in common with the short head of the 
biceps and was inserted into the humerus for a length of 2", the lower 
end being 6*5" from the head of the bone. As not unfrequently 
happens*, a small muscular slip was given off from the outer side and 
inserted separately into the front of the humerus -4" external to the 
upper margin of the main insertion. The musculo-cutaneous nerve 
passed between these divisions of the muscle. 

I Hut. Musculorum (1734), p. 386. « Exercit. Acad. (1783), p. 92. 

» Myograp. comp. (1768), p. 95. * AlbinuB, Meckel, Quain, te. 
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The tendon of the extensor minimi diffiti in the right hand 
divided above the annular ligament into two distinct tendons, which 
passed under the ligament in separate grooves, and proceeding over 
the metacarpo-phalangeal articulation were re-united, and joining 
with the tendon of the extensor communis digitorum formed the 
tendinous expansion upon the dorsum of the fifth digit. In the left 
hand the tendon was idso split, but the two divisions parsed through 
the same groove. 

This muscle in man is subject to various irregularities; many 
examples of which are recorded by Hallett' and Wood*. 

The extensor oasis mekuxxrpi poUids arose from the middle third 
of the radius, the interosseous membrane, and from the border of 
the ulna below the supinator brevis. Two distinct tendons were 
given off from different parts of the muscle. One, slightly larger than 
the other, arising from the more superficial part, was inserted into 
the radial border of the metacarpal bone. The second and longer 
tendon commenced in the deep portion of the muscular belly, pro- 
ceeded under cover of and slightly to the radial side of the first- 
mentioned tendon, and with it crossed the tendons of the extensor 
carpi radialis longior and brevier, and the insertion of the supinator 
longus, to the radial border of the trapezium, into which it was 
attached. 

This mode of insertion is that which is commonly met with in 
the Quadrumana Recent researches have also shown that it is 
frequently met with in the white races of man, and that a partial 
insertion into the trapezium is the rule rather than the exception'. 

The extensor primi intemodii poUicis was normal in its develop- 
ment and attachments. 

The extensor secundi intemodii pollicis divided into two tendons, 
which passed together under the annular ligament, but again united 
opposite the metacarpo-phalangeal articulation of the thumb into 
a single tendon, inserted into the base of the ungual phalanx. A 
small muscle, corresponding to the m. interosseus volaris primvs of 
Henle^ was present. 

. The adductor poUicis arose by a series of fleshy digitations from 
the heads of the third and fourth metacarpal bones, the anterior 
ligaments of the joints, and by a tendinous band from the head of 
the fifth metacarpal bone, but it had no origin from the palmar 
surface of the third metacarpal bone except at its head. 

The lumbricales of the hand had their usual origins and inser- 

1 Loc. eiU 1848, p. 16, and 1849, p. 13. 

s Loe. ciU 1854, p. 801; 1865, p. 9, and 1866, p. 237, fig. 5, b, e. 

* See Huxley's *'Leotare8." Medical Times and QazetU, 1864, Vol. i. p. 177. 

^ AnaUmie de$ Meiuehen, 1858. Vol. i. Part iii. p. 228. 
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tions, except that the third divided into two near the distal extre- 
mity, and ended in tendons inserted into the contiguous sides of the 
extensor sheaths of the third and fourth digits. 

Such an arrangement seems to be of not unfrequent occurrence^; 
Mr Wood* specially notes three cases which came under his obeer- 
vation. 

Between the adductor and flexor hrevis minimi digiti manus, hut 
deeper and lying upon the oppbnens, was a small but clearly separa- 
ble muscular slip, half the size of the flexor brevis. It had a separate 
origin from the process of the unciform bone, and a separate insertion 
into the base of the first phalanx, nearer the joint and rather 
anterior to the flexor brevis. 

This evidently corresponds to the accessory portion of M^Whinnie, 
and to a somewhat similar modification described by Hallett and 
by Wood*. 

The opponens minimi digiti was largely developed and divided 
into two portions, one of which arose from the annular ligament, and 
was inserted into the inner part of the head of the metacarpal bone; 
the other arose from the unciform bone, and was inserted into the 
whole of the ulnar border of the metacarpal bone. 

Muscles of the lower limb. — ^The gluteus mcuxdmus had nearly the 
usual origin and insertion, but the muscular fibres were thin, flabby, 
and very badly developed, 'thus showing that the protuberance of 
the buttocks, so peculiar to the Bushman race, is not the result of 
muscular development, but totally dependent on the accumulation of 
fat. On removing the fascia from the superior border of the gluteus 
maximus a considerable portion of the gluteus medius was exposed. 

Close to its insertion the tendon of the tibialis a/nticus could be 
divided into two, nevertheless these were closely bound together by 
areolar tissue. The posterior division of the tendon was seen to be 
nearly twice the diameter of the anterior. The double insertion of 
this tendon, so marked in all the Quadrumana, is also generally found 
in the white races of man, although not described in all text-books 
of anatomy. 

The peroneus tertius arose from the fibula below and in conjunc- 
tion with the extensor longus digitorum. Its tendon was small, but 
became wide and flat at its insertion, which on the right side was 
into the upper surface of the proximal end of the foturth meta- 
tarsal bone, a slip also going to the iimer edge of the fifth metatarsal^ 
as obseiTed in two instances by Wood\ Through these divisions of 
the tendon that of the extensor brevis for the fourth digit passed. 

1 Meckel, Op. eit. p. 279. > hoc, cit 1865, p. 889, and 1866, p. 385. 

> Loc. cit. 1864, p. 802; 1866, p. 289. * Op, ciU 1866, p. 289. 
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On the left aide the entire insertion was into the upper and tibial 
border of the fifth metataisal. 

The extensor brevia diffitamm had its nsual origin from the 
OB calcis. It divided into three elongated pointed bellies, the inner- 
most of which was as large as the other two taken together. The 
first ended in a tendon inserted into the base of the proximal 
phalanx of the hallux. The middle part ended in a short, broad 
tendon, which joined the tendon of the extensor longus of the fourth 
digit near the head of the metatarsal The tendon of the third and 
smallest division ended by joining the extensor sheath of the same 
digit, passing between the points of insertion of the peroneus tertius. 

Thus the extensor brevis digitorum had its tendons distributed to 
the first and fourth digits alone, a very unusual arrangement. 

The tendon of the fiexor longus digitorum pedia divided as usual 
in the sole of the foot into four tendons, which being joined by the 
smaller sUp of the flexor longus hallucis supplied the four outer toes, 
the tendon for the fifth toe being entirely derived from this muscle 
(see woodcut. No. 2, F. I. d. v). 

The fienxir longus haliucis divided into two branches, of which the 
inner was more than twice the size of the outer. The former went 
to the hallux, while the latter, after being joined by the flexor acces- 
sorius, divided into three slips, which united with the tendons of the 
flexor longus digitorum to form the perforating tendons of the second, 
third, and fourth digits respectively. This arrangement of the flexor 
t«ndous, so dififerent from that commonly described, is now well 
known to be very frequently met with in the human foot*. 



' See Hozlej, Med. Tint* and aazttle, 1664, Vol. I. p. 177, ud TamGr, Trajt*. Roj/- 
Soc. Bdin. 1865, Vol. xxir. p. 181. 
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The flexor brevis digitorwm pedis presented rather anomalous 
characters^ and might be said to form two distinct muscles. The 
main portion, as usual, had origin from the inner tuberosity of the 
OS calcis, and the plantar fascia, but divided into only three tendons, 
which went respectively to the second, third, and fourth digits (fig. 2, 
F. b. d). The second smaller portion had its origin from the 
plantar surface of the tendon of the flexor longus digitorum (fig. 2, 
F. b. d.), at the hinder part of the sole of the foot, half-an-inch 
above the insertion of the flexor accessorius. It was a small vermi-. 
form muscle, tendinous at its commencement, and terminating in 
a tendon going to the fifth or outer digit. In the left foot this tendon 
was perforated, allowing the long flexor tendon to pass between its 
divisions, but in the right foot we found that it passed without 
dividing to the outer side of the deep tendon, and finally was inserted 
into the plantar surface of the middle phalanx of the toe. 

This condition of the flexor brevis is interesting from the well- 
known fact that in the chimpanzee, and all inferior Primates, a con- 
siderable portion of this muscle always arises from the long flexor 
tendon, while in man alone the whole of it commonly takes origin 
from the os calcis. An arrangement precisely similar to that here 
figured has, however, been met with in several instances among Euro- 
peans, and occurs among the anomalies recently described by Wood. 

The flexor accessoriua was well developed, and, as usual, arose 
posteriorly by two heads. Its insertion was into the tendon of the 
flexor longus digitorum and into the outer division of the tendon of 
the flexor longus hallucis, but it had no connection with the division 
of the tendon of this muscle which went to the hallux, (fig. 2. F. ac). 
There was no abditctor oasis metatarsi quinti, but a strong tendinous 
band stretched from the plantar surface of the os calcis close to the 
origin of the abductor minimi digiti to the head of the fifth metatarsal 
bone. 

The muscle described by Henle* and Wood* as the opponens diffiti 
quinti did not exist on either foot. 

The relation of the arrangements of the muscular system of Man 
to that of the inferior Primates was first clearly defined by Professor 
Huxley, in the Hunterian Lectures delivered at the Royal College of 
Surgeons in 1864, of which unfortunately only a brief abstract has 
hitherto been published*. On referring to the absolutely differen- 
tiating characters there laid down, we find that in no case does our 
subject pass over the boundary line. We also find that in no one of 
the numerous variations does the approach to Simian characteristics 

1 Op. cit. Vol. I. Port ni. p. 301. * Loc. eit. 1S64, p. 803. 

* Medical Times and Gazette, 1S64. \ 
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actually exceed that which has occasionally been met with in the 
white races of Man. It is however interesting to observe, that in the 
very significant arrangement of the flexor tendons of the foot, the 
tendon of the flexor hallucis giving a branch to the fourth, as well as 
the second and third toes, and part of the flexor brevis arising from 
the tendon of the long flexor, on both feet alike, the deviation from 
the specially human condition of these parts is as fully marked as in 
any case hitherto recorded. Whether this is in any way characteristic 
of the inferior races of the human species, or a mere coincidence, 
remains to be determined by future observers. 

Abtebial System. 

The vessels were injected and dissected in tolerable detail, but a 
full description of their distribution would be superfluous, as the 
variations from the normal standard were not greater than ordinarily 
met with in Europeans, and ofiered few points of special interest. 

The arch of the aorta, as usual, gave off three great trunks, the 
arteria innominata being 1*8" long. The three vessels, although quite 
distinct, arose so close together that their outer walls were in absolute 
contact with each other. On the right side the subclavian pursued 
its common course between the scaleni muscles ; the internal mam- 
mary being given off 6" from its commencement, the superior inter- 
costal close to the outer side of this, and the thyroid axis, dividing as 
usual into four, to the upper side of these two branches. The verte- 
bral artery sprung from the subclavian immediately behind the 
thyroid axis, and the profunda cervicis 1" external to it 

On the left side the subclavian ascended 1*5" and gave off an- 
teriorly the internal mammary. Immediately above and '1" exter- 
nally the thyroid axis was given off^ parallel with and behind this the 
vertebral artery, while the superior intercostal branch sprung still 
more posteriorly. The thyroid axis at a distance of "2" from its 
parent trunk gave off the transversalis colli, and another small 
cervical branch, and at '6" divided into the inferior thyroid and 
cervicalis ascendens. The supra-scapular artery was derived from the 
third part of the subclavian. There was no peculiarity in the distri- 
bution of the branches of the right and left carotids. 

In the arteries at the base of the brain we noted that the left 
vertebral was double the calibre of the right; they united opposite 
the lower border of the pons varolii to form the basilar, which was 
1-2" long, and curved, with the convexity to the right. The right 
inferior cerebellar artery was given off at the lower end of the 
medulla oblongata, the left J" higher up. The superior cerebellar 
branches were given off symmetrically opposite each other immedi- 
ately below the bifurcation of the basilar into the posterior cerebral. 

VOL. I. 15 
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The posterior communicating arteries were each ^" long and of 
precisely equal diameter ; these joined the internal carotids "S" below 
its bifurcation into the anterior and middle cerebral, which were 
symmetrical The anterior communicating arteries consisted of two 
small branches which interlaced, situated *5" from the commencement 
of the anterior cerebral vessels. 

The distribution of the arteries of the limbs presented no impor- 
tant variations from the ordinary type. 

Nervous System. 

The brain, immediately after removal, deprived of the greater part 
of its membranes, weighed thirty-eight oimces. 

We have already alluded to the fact of the brain of a bushwoman 
having recently been made the subject of an elaborate investigation 
by Mr Marshall \ In consideration of this circumstance, we thought 
that the interests of science would be best served by placing this 
additional specimen at that gentleman's disposal, and, with the 
sanction of the Council of the College, it is now in his hands for 
examination and description. 

The spinal cord was not examined, as it was considered more 
desirable to preserve the vertebral column intact The dissection of 
the nerves, although carefully made, revealed no important deviations 
from the ordinaiy arrangement 

Thoracic and Abdominal Viscera. 

The whole of the left lung was firmly adherent to the thoracic 
walls ; there were also some slight adhesions on the right sida Both 
lungs contained abundance of tubercular deposit, the left had several 
large cavities filled with purulent matter. The distinction of the 
lobes was completely obliterated by adhesions. The heart presented 
no peculiarity, its muscular parietes were flabby. 

The liver weighed 54f ounces, and was pale and slightly fatty. 
It measured 10 inches from the right to the left margin, and 7 inches 
in the opposite diameter. Its greatest thickness was about three 
inches. The lobe divisions corresponded with those usually found in 
the human liver. The Spigelian lobe was of moderate dimensions 
deeply notched in the middle of its anterior border, and presented a 
sharp projecting angle at the left comer. At its right extremity was 
a rudimentary caudate lobe, but not showing any prolongation to the 
right, as seen in the chimpanzee, neither is the caudate lobe promi- 
nently developed, as in the orang, but rather the reverse. 

The gall-bladder was small and little dilated at the fundus, being 
almost cylindrical when distended with air; length 4", greatest width 

-^ ** On the Brain of a Bushwoman ; and on the Brains of two Idiots of European 
descent,'' by John MarshaU, r.B.S. Phil. Trans. Vol. 164 (1864), Part m. p. 601. 
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1", capacity one ounce. There was no depression for its lodgement 
in the hepatic substance, and when distended it scarcely reached 
beyond the free border of the lobe. 

The stomach was of the usual form, but rather capacious for the 
siae of the individual ; when moderately distended with fluid it con- 
tained 3 pints, and had a l(Mig diameter of about 11 inches. The 
ductus communis choledochus entered the intestine at 8f inches 
distance from the pylorus. 

The small intestines measured 15 feet from the pylorus to the 
ileo-csecal valve. The large intestines were 4 feet in length, and the 
vermiform appendix 2J inches. The valvulaB conniventes were as 
well developed and extended as far in the intestines as they usually do. 
Peyer s patches were numerous, large and prominent, all more or less 
affected with tubercular ulceration, as also were various parts of the 
ileum, ileo-csecal valve, and the csBCum. 

The spleen was small and pale in colour, it weighed 2^ ounces. 
Its greatest length was 4 inches, and greatest breadth 2^ inches ; 
at either end it was considerably pointed. 

The pancreas weighed If ounces. 

The kidneys were large, pale and bloodless, their structure 
appeared normal. The right weighed 5 ounces, the left 6^ ounces, 
the length of the right kidney was 4*5", of the left 4*8". 

The supra-renal bodies presented nothing unusual in appearance. 

Generative ORGANa 

The uterus had the ordinary form of that organ in the unimpreg- 
nated female, rather smaller in dimensions than the average size 
as given in anatomical works, but corresponding in proportion to the 
general size of the body. It measured 2*2 inches long, 1*3 inch at 
the widest part, and 8 of an inch in antero-posterior thickness. The 
ovaries were about 1*2 inch in length, the right one slightly larger 
than the left, and each contained numerous Graafian vesicles, while 
the outer, white, tough, fibrous coat had, as is often the case, numer- 
ous short deep fissures on its surface. The lips of the os uteri, 
especially the anterior, were very slightly pronounced. The internal 
length of the vagina from its external orifice to the os tincse was two 
and a half inches. 

The external organs of generation corresponded in the main with 
the description given by Cuvier. The labia majora were small The 
clitoris of moderate size, but with a well-developed prepuce, and far 
more conspicuously situated than in the European female, chiefly on 
account of the want of prominence of the labia majora. The glans 
clitoridis had the form of an equilateral triangle, each side *2" long, 
with the base downwards. The sides of the prepuce were pro- 
longed down into the nymphae, which formed largely developed, lax, 

15—2 
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pendulous triangular lobes. These were of a dark purplish brown 
colour, approaching to black, both without and within, except along 
their line of union in the vestibule of the vulva, where they shaded 
gradually through a light brown into a pale pink. The length of 
each lobe at its attached base was 1*7"; &om the middle of the base 
to the most prominent part or apex of the triangle, when in a relaxed 
condition, measured 1"2", but they admitted of considerable exten- 
sion. Posteriorly they subsided into a series of slightly raised tubercles 
bounding the sides of the hinder part of the vulvse. The meatus 
urinarius was situated 1" below the glans clitoridis; the orifice of 
the vagina i" below that The latter opening was circular, with a 
slightly raised carunculated margin, but no other trace of hymen. 
The perineum was 1'25" in length. 

The remarkable development of th6 labia minora, or nymphae, 
which is so general a characteristic of the Hottentot and Bushman 
race, was sufficiently well marked to distinguish these parts at once 
from those of any of the ordinary varieties of the human species, 
although they had not attained that extraordinary extent attributed 
to them by most authors. 

In reference to this subject, the following communication, received 
from a scientific friend residing at the Cape of Good Hope, upon 
whose testimony perfect reliance can be placed, may be of interest to 
the anatomist. 

Two pure bred Hottentots, mother and daughter, were the subjects 
of examination. In the words of our correspondent — " The daughter 
was first examined. She is about twelve yeara old. The glutei 
muscles are covered with the prominent peculiar hemispherical 
cushions of fat common to the tribe, and the mammary development 
is commencing. On standing up, two thongs of about the thickness of a 
cedar- wood pencil hang down from the pudendum, exactly like strips 
of sheepskin slightly twisted, and apparently vascular. On separat- 
ing the labia, these appendages are found at once to be the nymphs 
elongated, the base or attachment about half the area of what they 
might be expected to cover, the slight twist commencing inmiediately 
at the attachment, viz. within the pudendum. The total length of 
the appendage from the base to the end exactly 3^ inches. The 
hymen perfect. The diameter of the circular aperture to the vagina 
about a quarter or a third part of an inch. 

** The mother has the usual falling off appearance of youth of the 
Hottentots of thirty years old. Mammas flaccid and elongated. She took 
up her appendages, leading the right one round the right side above 
the gluteal projection, similarly, the left one round the left side, their 
ends met at the spine ! I am now perfectly convinced that the organi- 
zation is natural and congenital, and not produced, as has been 
supposed, by the degraded and filthy habits of the tribe." 



ON THE HUTCHINSONIAN THEORY OF THE ACTION 
OF THE INTERCOSTAL MUSCLES. By Dr Cleland. 

Since the appearance of the elaborate article Thorax in the Cych- 
pcsdia of Anatomy amd Physiology, English anatomists seem mostly 
to have adopted without hesitation the modification of Hamberger's 
view of the action of the intercostal muscles which Mr Hutchinson 
has there enunciated : — namely, that while the external intercostals 
and those of the internal which are placed between the costal carti- 
lages act only as elevators of the costal arches, the remaining internal 
intercostals. act only as depressoi-s. On the continent, however, there 
is not the same unanimity of opinion. For while some there believe 
that Bamberger's and Hutchinson's mechanical demonstrations afford 
a solution of the problem of how the intercostals act, others adhere 
more or less distinctly to Haller's view, that both external and in- 
ternal intercostal muscles combine to assist in inspiration. Among 
these last are Baiimler, Budge, Henle, and Wundt. Both Baiimler 
and Budge rest their conclusions on experiments by vivisection, and 
the former also on observations on the human subject during life. 
(An abstract of Baiimler's researches is to be found in the New 
Sydenham Society's Year-hooh of Medicine, 1862.) 

If, however, Mr Hutchinson's conclusions are erroneous, and the 
results obtained by vivisection correct, it is much to be desired that 
the fallacy be laid bare which lurks in arguments considered by 
many as unanswerable. This appears not yet to have been done; 
and the following remarks are therefore offered to prove, that al- 
though it is quite true that bars fixed to a vertical prop at one end, 
and maintained parallel by a cross bar at the other, can be made to 
revolve upwards by the shortening of bands placed between them in 
a direction obliquely downwards and away firom the prop, and to 
revolve downwards by the shortening of bands with the reverse ob- 
liquity, as shown by Mr Hutchinson, yet these facts lead to fallacious 
results when supposed to explain the action of the intercostal muscles 
in the living body. 

It is to be remembered that in those artificial mechanisms the 
bars which are compared with ribs are straight, inflexible, and pa- 
rallel, and revolve each on a single fixed attachment But in the thorax 
the ribs are greatly curved and flexible, they do not move parallel 
one to another^ and their anterior extremities are not freely moving 
ends of levers, the fulcra of which are at the vertebral column. The 
elevation of the ribs is not effected by revolutions of which their 
vertebral attachments are the centres, while their extremities move 
in the circumference; but rather, if we suppose a line drawn from 
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the head of a rib to its sternal attachment, the movement of the rib 
may be roughly regarded as one of revolution round that line^ vhile 
the line itself slightly rises and falls at its anterior extremity. Thus 
the greatest movement of elevation and depression takes place to- 
wards the middle of the rib. This is easily accounted for, as the 
slendemess of the sternal extremities of the costal cartilages and the 
mobility of their articulations with the sternum cause them to yield 
beneath the resistance offered to their elevation; and it is only after 
the ribs and cartilages have so yielded, that the sternum is forced 
upwards at alL In ordinary respiration, as remarked by Meyer, the 
upper end of the sternum remains stationary, while the lower end is 
moved a little forwards; and in forcible respiration the whole ster- 
num is raised, but the elevation of its upper end is slighter than 
that of the lower end In the natural or artificial skeleton, move- 
ments, no doubt, can be obtained similar to those of straight wooden 
bars; but the method of expansion of the thorax during life is very 
different from the movements exhibited by handling the thoracic 
walls after death, and probably different even from the expansion 
produced by insufflation of the lungs. The reason of this is, that the 
expanding force is differently applied. In life, the force being ap- 
plied between the ribs, each rib is supported by the one above, and 
the accumulated weight of all, together with the elastic tendency to 
redescend produced both by the tension of their position and the 
elasticity of the lung substance, is transmitted to the first rib, or to 
whichever lies above the highest of those which happen to take part 
in the action; hence it is that the first rib remaiais stationary in the 
ordinary respiratory movements. 

Admitting, then, as must be done, that there are many differences 
between the movement of the artificial mechanisms referred to and 
that of the thoracic walls, let us try to show in what respects the 
differences which exist vitiate the compaiisons which have been 
drawn between the action of elastic banda in the one case, and the 
intercostal muscles in the other. 

Firstly J it may be observed that, while Mr Hutchinson is no doubt 
quite right in regarding the sternal articulations as fulcra on which 
the costal cartilages move in inspiration, it is a mistake to select the 
costo-cartilaginous articulations as the points where movement on 
the sternal fulcrum meets with movement on the vertebral fttlcrom. 
The point of freest motion of the rib ought rather to be looked on 
in this light But the point of freest motion is placed about the 
middle of the costal arch ; and therefore the argument that the in* 
ternal intercostals between the cartilages raise them round the ster- 
num in a way similar to that in which the external intercostals raise 
the ribs on their vertebral attachments, is applicable to the internal 
set as far back as the middle of the costal archea Thus, were we 



THE ACTION OF THE DTTEBCOSTAL MUSCLES. 211 

to admit the soundness of the principle on which Hamberger and 
Hutchinson have argued, it would yet appear that the internal inter- 
costals have a larger share in producing the elevation of the ribs than 
Hutchinson has allowed. On this, however, it is unnecessary to lay 
much weight, as other considerations will show that the principle is 
erroneous. 

Secondly, the diagrammatic schemes and apparatus with oblique 
bands used to demonstrate the depressing effect of the internal inter- 
costal muscles do not show, or rather are not used to shoWj the effect 
of similar bands when the upper bar or rib is fixed. 

Now, let AB represent a portion of the vertebral column; and let 
AC and BD represent the posterior parts of the first and second 






:^D 



ribs, as seen from behind; and let CE represent an internal inter- 
costal fibra It AC he immoveable it is quite plain that the internal 
intercostal CE will tend to raise BD until it shall lie in a straight 
line with it in the position of BC; for then it will form with BE 
the base of the triangle of which in any other circumstances it and 
BE would be the remaining two sides. Therefore when a rib is at 
rest in the most depressed position which its attachments admit, as 
the first rib usually is, the contraction of the internal intercostal 
muscles helps to raise the rib below. Again, it AC be pulled up- 
wards with a greater force than CE pulls it down, it will both be 
elevated, and by means of CE will draw BD after it; if the uniting 
band CE were an inelastic ligament it would draw BD out of its 
parallelism to AC and cause it to approach that bar, but being 
muscular it will by contraction cause the approach to take pla^e 
still more rapidly; and even if the elevation of the upper bar be so 
great as to make the increase of the distance between C and E a 
mathematical necessity, a muscular band, while compelled to yield, will 
yet have power to maintain the lower bar in as close approximation 
as possible to the upper. 

Thirdly, it is to be observed that in the upper part of the thorax 
the costal arches rapidly increase in size, in the series from above 
downwards; the second being greatly larger than the first, and the 
third larger than the fourth, and so on in less degree: and while at 
the posterior part they are nearly vertically superimposed one on 
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another, at the sides and in front they are related quite differently. 
Now in the diagram already used, while AB still represents the ver- 
tebral column, let G and D represent upon two upper ribs points in 
one vertical plane and situated in any part of the course of the ribs 
in which the line uniting such points is oblique. It is at once seen 
that the line GD is in the same position as a band representing an ex- 
ternal intercostal muscle in one of Hutchinson's mechanisms of bars, 
and will similarly be shortened by the parallel ascent of the lines AG 
and BD and lengthened by their descent. Thus while no doubt the 
spaces between the ribs are all widened at the back part in parallel 
elevation of the ribs, those near the top of the chest are in the greater 
part of their extent narrowed in parallel elevation, and of course are 
stni further narrowed when the elevation of the lower ribs exceeds 
that of the upper. In these spaces both the external and internal 
intercostals pull the larger hoops towards the smaller, but inward 
motion of the larger hoops is prevented by the nature of their attach- 
ments, and their approximation to the smaller hoops is therefore 
effected solely by elevation. 

Fourthly^ an examination of the modus operandi of the results of 
the experiments made with straight bars will enable a more accurate 
estimate to be made of the relations in which they stand to the 
actions of the intercostal muscle& 

Let GH be an elastic band stretched between AG and BD which 
represent two bars kept parallel by GD, and moving on the fixed 
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fulcra A and B. The band GH pulls the point G downwards with 
exactly the same force with which it pulls the point H upwarda 
But it acts upon BD with greater leverage than upon AG, there- 
fore BD is pushed upwards more strongly than ^C is pulled 
downwards. In consequence of this, BD will overcome the pres- 
sure downwards of A G, and will push A G upwards as long as the 
difference between the force exerted on AG and that exerted on 
BD is sufficient to overcome the resistance of the moving part of 
the apparatus; this difference diminishing as the forces themselves 
are diminished by the lessening elastic energy of the shortening 
band OH. Tlius also the same bars would be pulled downwards 
by a band at UF, simply because the lever AE is longer than BF, 
and if AE be twice as long as BF the downward force exerted on 
the upper rod will be twice as great as the upward force exerted 
on the lower rod. But if the band EF be moved to IK and have 
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there the same slope as before, the approximating strain upon the 
parts of the rods intervening between it and AB will be greatly 
increased by the increased leverage, while the difference between the 
two levers will remain unchanged, and therefore the force with which 
the bars are driven downwards will be likewise unchanged. Further, 
let the space between EF and IK be filled with closely lying parallel 
oblique bands; let LM be a band so situated that ^Jf shall be equal 
to AE; and let NO be so situated that AN shall be equal to BK, 
The downward force exerted on AGhj the bands attached between 
E and N will be exactly equal to the upward force exerted on BB by 
the bands attached between Jf and £ Therefore the total force with 
which the joint action of all the bands pulls downwards the upper 
bar exceeds that with which they pull upwards the lower bar merely 
by the difference between the action on the lower bar of the bands 
from NO to IK, and that on the upper bar of the bands from EF 
to LM 

The bearing of these remarks on the movements of the thorax is 
easily explained. Although it is not the case that so great a number 
of the internal intercostal fibres have their points of attachment 
withdrawn one from the oth^ in inspiration and approximated in 
expiration, as Mr Hutchinson supposes, his statement is no doubt 
true of many of them. Now, if the fibres so situated are in other 
respects circumstanced like the elastic bands supposed to fill the 
space between the lines EF and IK in the diagram, they will drag 
down the rib above more strongly than they will pull up the rib 
below, but the difference of strength with which they act on the 
two ribs will be extremely small ; for if EF represent the most poste- 
rior, and IK the most anterior of the muscles now referred to in 
any intercostal space, then the total difference between the upward 
pulling and the downward dragging of the whole, being equal to that 
between the upward action of the muscles from NO to IK and the 
downward action of those from EF to LM, cannot, on a moderate cal- 
culation, be more than the difference of action of about half a square 
inch of muscle in these two situations. This then is the total energy 
with which the internal intercostals in any space can imitate the 
depressing action of the elastic band on the wooden bars : and if 
they imitate that action at aU, then the depressing force exerted on 
the upper rib is conveyed through the highly yielding costal cartilage 
of that rib, mediately or immediately, to the tip of the costal cartilage 
of the lower, whereas it is obviously one of the requisites for success 
in the experiment with bars that the bars be unyielding, or at least 
yield less easily than the apparatus is depressed Leave the yielding 
of the costal cartilages out of the question, and it remains that if the 
internal intercostal muscles depress the ribs after the same fashion as 
the elastic band depresses the bars, then all but a minute fraction of 
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their power is utterly wasted, giviiig no aid in producing the depres- 
sion, but merely binding the ribs together. 

But it will be replied, that still the fact remains that at least 
many internal intercostal fibres have their attachments actually 
approximated in expiration and withdrawn in inspiration. The 
answer is, that this is admitted, and that the bar-apparatus illus- 
trates the circumstance : a diagram will do so also, without compU- 
cating the matter with the delusive depressing action of the india- 
rubber bands on the bars. Moreover, the direction of the internal 
intercostal muscles is realty calculated to be highly advantageous in 
forced expiration; only the action is of the formerly recognised and 
easily understood description, that the lower ribs are kept firmly 
down, while those above are pulled towards them ; and the advantage 
of the direction of the internal intercostals in these circumstances is 
that the more depressed the ribs, and the less the remaining contrac- 
tile energy of the shortened muscles, the more nearly do the muscles 
lie at right angles to the ribs. But it does not follow from the 
shortening of the distances between the attachments of these muscles 
in expiration, that they are always then in action. If the depression 
of the ribs is occasioned by their own elasticity and that of the 
lungs, and by the weight of the parts, which seem to be causes quite 
sufScient to effect it, it is quite possible for the muscles to remain 
relaxed while their attachments are approximated, which is what the 
vivisectors appear to have foimd. On the other hand, it does not 
follow that because the muscles are elongat-ed in inspiration, they 
therefore take no part in aiding that act ; for, as has been said, they 
may be most useful in pulling up lower ribs when those above them 
are indepoDdently raised; their action in those circumstances being 
of the tonic ligamentous description spoken of with reference to the 
long muscles in my paper in the previous number of this JoumaL 

The four arguments now adduced, but especially the last, render 
necessary the abandonment of the Hutchinsonian theory of the 
action of the intercostal muscles, by showing that the supporters of 
that theory have overlooked most important circumstances, the con- 
sideration of which entirely vitiates the arguments on which it is 
founded. 

In the second argument and in the preliminary remarks, allusion 
has been made to the comparatively slight movement of the first 
costal arch during life compared with that of the arches following ; 
and it will naturally occur to any one, that if the first rib be pulled 
on suj£ciently strongly by the intercostals in the spaces below drawing 
up the succeeding ribs towards it^ the tension on the first rib may even 
be so great as to cause it to be depressed below its natural level, by 
bending ; and accordingly one would expect to find cases of difficult 
bre^tihing in which the upper end of the sternum is depressed 
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instead of elevated in inspiration. This at least had occurred to 
my mind, and it was therefore all the more interesting to meet with 
a patient in which such depression actually took place, especially 
as it happened after this paper had been written. The patient 
was a boy aged 18, who had suffered more or less from chest com- 
plaint for three years and a half. He afterwards died, but unfortu- 
nately there was no opportunity of having an examination of the 
body. However, he had obviously very general tuberculosis in both 
lungs, and probably extensive adhesion of the pleura on both sides. 
His chest was remarkable for its peculiar shape. The sternum, 
which was rather concave from above downwards, projected greatly 
at the lower end, and the fifth, sixth, seventh and eighth costal arches 
presented a concavity at the junction of the rib and cartilage, giving 
rise to the chicken-breasted variety of deformity. In ordinary breath- 
ing, when carefuUy watched, the sternum was seen to move pecu- 
Uarly ; for in each inspiration the upper half of the sternum was 
depressed at the same time that the ribs were elevated and the lower 
half of the sternum projected by the lower ribs. In expiration, 
elevation and advance of the upper end of the sternum immedi- 
ately succeeded depression of the ribs; the cause of this no doubt 
being, that as soon as the intercostal muscles were relaxed the first 
rib sprang back into its normal position. By placing two fingers 
on the first and second ribs in inspiration, the first rib was felt 
descending while the second rose and lay more superficially to it : in 
expiration the reverse occurred. Thus the second rib lay principally 
in front of the first in inspiration, and below it in expiration. Al- 
though, as far as I know, this case is singular, still it seems probable 
that, if looked for, similar cases may be found not unfrequently. 
The patient, it may be mentioned, was of slender build and ema- 
ciated, so much so, indeed, that every effort at deep breathing was 
instantly prevented by the closure of the windpipe from pressure of 
the air on it above the sternum, in a manner similar to what is 
recorded by Allen Burns as having occurred in a patient after abscess 
at the root of the neck {Surgical Anatomy of Head and Neck, p. 6). 

In the third argument of this paper the sternal attachments of 
the cottal cartilages have been spoken of as preventing the larger 
costal arches from being pulled inwards below the arches above them. 
I have also had the opportunity of seeing this point illustrated patho- 
logically in a very remarkable manner. A woman operated on for 
cancer of the breast had return of the disease in the sternum. As 
the disease progressed the sternum was snapped across between 
the second and third ribs, and ultimately was quite destroyed except 
at its upper extremity and cartilaginous lower end, so that shortly 
before death, while the first costal arch remained intact, the succeed- 
ing costal cartilages were denuded and separate, with small portions 
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of sternum adhering to their free extremities. In every expiration 
these extremities stood out from the chest, while in inspiration not 
only were they pressed in, but they were turned backwards and the 
fore part and sides of the chest were coiled violently inwards, so as to 
approximate the sides of the wound, and make the chest appear 
rather contracted than expanded. Respiration was thus r^idered 
extremely exhausting, and the patient died within two or three days 
after the condition described had been established ; yet notwith- 
standing the difficulty of breathing which had been exhibited, on 
examination of the body the lungs were found anaemic and perfectly 
healthy. Doubtless the enlargement of the thoracic cavity in inspi- 
ration had been efifected entirely by the diaphragm, or nearly so; and 
it is evident that the contraction of the diaphragm would be suffi- 
cient to cause the weakened front of the chest to yield before the 
pressure of the atmosphere, and would drag inwards the circle of its 
costal attachments ; but it would be inadequate to producing the 
extraordinary rolling-in of the extremities of the loosened sternal ribs. 
This movement however is completely explained by the consideration 
that the intercostal muscles must necessarily pull the larger arches 
in under the smaller; although perhaps it would scarcely have 
occurred to any one to have predicted that their action would have 
been so remarkable as that which was exhibited in the case described 



RESEARCHES ON MUSCULAR IRRITABILITY AND THE 
RELATIONS WHICH EXIST BETWEEN MUSCLE, 
NERVE AND BLOOD. By Richard Norms, M.D., Professor 
of Anatomy and Physiology at Queen's College, Birmingham. 

MuscXTLAR irritability is commonly recognized and defined as that 
property of muscular tissue by virtue of which it contracts under the 
influence of stimuli 

This property is said by Du Bois Reymond to bear a definite 
relation to its electro-motor powers : he says, " The diminution of 
the muscular current after death is proportional to the diminution 
of the excitability of the muscle; both the electro-motor force and 
the excitability have the same termination^ Le. in the rigor mortis, 
caused, as Brueck has proved, by the coagulation of the fibrin con- 
tained in the muscles external to the blood-vessels." As a general 
summary of his researches on this question Du Bois Reymond again 
says, " The electric power of a muscle is always proportioned to its 
contractility, inasmuch as those agents which do not influence its 
contractility exert no influence on its current." 

Matteucci has asserted, " That the muscular current continually 
decreases after the death of the animul, or after the separation of the 
musde from the body\" 

Taken in concert these statements of Matteucci and Reymond 
amount to this — muscular irritability continually decreases after the 

^ By the death of an animal the author of this paper understands the loss of 
the property of excitability or nenrility on the part of the ganglionic nervous masses, 
without power of restoration ; in fact, molecular death of the Tesicular nervous tissue. 
It is certain that the phenomena of life as manifested by animals may be again aroused 
into exhibition so long as the capacity for molecular life persists in the nervous system, 
notwithstanding that both respiration and circulation may have long ceased. In a 
ehaptor on death, p. 905 of Carpenter's Principles of Human Physiology ^ the following 
passage occurs : ** A surer test, however, is afforded by the condition of the muscular 
substance ; for this gradually loses its irritability after real death, so that it can no 
longer be excited to contraction by electrical or other kind of stimulation ; and the loss 
of irritability is succeeded by the appearance of cadaveric rigidity. So long then as the 
muscle detains its initability and remains free from rigidity so long we may say with 
certainty that it is not dead; and the persistonce of its vitality for an unusual period 
affords a presumption in favour of the continuance of some degree of vital action in the 
body generally; whilst on the other hand the entire loss of irritability and the super- 
vention of rigidity afford conclusive evidence that death has occurred." 

On this the present writer would remark, that although the persistence of muscular 
irritabiUty affords strong presumptive evidence of the existence of systemic life, yet it 
cannot be invariably relied upon, inasmuch as the irritability may in cases of excessive 
interstitial change increase after the molecular death of the nervous masses and the final 
arrest of the blood-current. On the other hand, universal rigor mortis, the result of the 
absence of blood or suitable nutritional plasma, is a certain evidence of death whenever 
the circumstances of the case imply that the nervous system has also been subjected to 
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removal of a muscle from nervous and blood influences. This view 
of the gradual decline of muscular irritability after somatic death is 
concurred in by physiologists generally. Certain researches in which 
the author of this paper has been long engaged have led him to 
doubt the accuracy of this conclusion as a necessary and fundamental 
trutL 

As the consideration of the subject opens up a considerable range 
of experimental enquiry, it is conceived that it may be most effi- 
ciently discussed in its various bearings by an attempt to support the 
following propositions, mainly derived from the study of phenomena 
which are best and most constantly seen in cold-blooded animals^ but 
which nevertheless under favourable circumstances may be observed 
in warm bloods, and in special pathological conditions in the case of 
man himself. 

1. That the property of irritability in muscle is capable of a 
high degree of exaltation above the normal standard, and that the 
highest degree of susceptibility is attained in cold bloods long after 
death, or under conditions taiitamount to death as before defined. 

2. That the forces of nerve and muscle, the neuriUty of the 
former and the irritability of the latter, are not only independent of 
each other for their existence and maintenance, but actually possess an 
antagonistic relation; that is to say nerve tissue, instead of producing, 
is, when in action, constantly concerned in maintaining a condition 
of things which diminishes muscular irritability, and that not simply 
when it is engaged in the production of motion. Hence muscular 
tissue, relieved from the operation or influence of nerve tissue, 
gradually acquires exalted contractile powers either in the presence 
or absence of the blood. 

3. That the blood, or the nutritional plasma derived therefrom, 
not only furnishes the materials by which muscular irritability is 
maintained, but is likewise the determining cause of that polar 
arrangement of the muscular molecules which maintains or restores 
the elongated or relaxed state. 

It is a well observed fact in physiology that after the death of 
•animals the irritability of the muscles frequently exhibits itself in an 
abnormal manner. In the living animal or the amputated limb the 
contractions which are inducible by the application of stimuli, such 

a simultaneous absence of its proper nntrition, inasmacli as it appears to be a law 
mthont exception, that if mnsonlar and nervous tissues be simultaneously shut o£F from 
their source of nutrition, the molecular life of the nervous tissue is the first to suocnmb. 
It is however possible to conceive of certain spasmodic affections of the minute arteries 
supplying muscular tissue, in warm bloods, inducing rigor rapidly, in the same manner 
as deligation of arterial trunks, and if at the same time it should happen from any 
collateral circumstance that this condition of vascular spasm did not eiiend to the 
nervous masses, somatic death would not necessarily be implied even by the exlBtenee 
of rigor. Universal putrescence is therefore the only absolute evidence of death. 
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as galvanism, pinching, or striking, are of a pulsatory character, that is 
to say, the contraction is limited in extent and speedily gives place to 
relaxation; but in the cases where the peculiarity alluded to is 
present, the contractions following on such stimuli are more extensive 
and persistent, and simulate very perfectly contraction induced by 
volition. The same peculiar exalted susceptibility has also been 
witnessed in man, after death from certain forms of disease, more 
particularly in cholera and yellow fever. 

Dr Bennett Dowler by experimenting upon amputated limbs 
proved this abnormality to depend upon muscular irritability alone. 
It is asserted that in some of these cases not only can the movements 
be excited by mechanical stimulation, but that they not unfrequently 
occur spontaneously, and strongly resemble the actions of the living 
dtate. Carpenter quotes the case of an Irishman, aged 28, in whom 
the following series of movements took place spontaneously not long 
after the cessation of the respiration : " First the left hand was carried 
by a regular motion to the throat, and then to the crown of the head; 
the right arm followed the same route on the right side; the left arm 
was then carried back to the throat, and frx)m thence to the breast, 
reversing all its original motions, and finally the right hand and arm 
did exactly the same." This hjrper-irritable condition of the muscular 
system attracted the notice of Dr Brown Sequard, and he found it to 
present itself more constantly in young animals. This experience 
of Brown Sequard's is conformable with my own, but I have also been 
fortunate enough to observe it in cold bloods with suflScient frequency 
to enable me to study it It is well-known that in many particulars 
the young of warm bloods are analogous to the cold bloods ; and one 
of these is the length of time that muscular irritability persists. 

I will now cite two or three experiments in illustration of this 
exalted state. 

April 7th, 1863, a frog carefully aetherized was placed upon his 
back, and the heart was excised. The frog was then left till the 
following morning, a period of thirteen hours : at this time the webs 
and toes were in a dried state, but the muscles responded with ex- 
treme readiness to slight blows, but were not thrown into contraction 
when pinched by forceps. They were very susceptible to weak 
galvanism. 

These observations on the muscular system having been made, 
the nervous system was tested by removing the head and attempting 
to irritate the cord. Galvanising the cord would not excite the mus- 
cles, even when a copper wire was thrust low down into its substance. 
The cord, in fact, seemed quite incapable of either initiating or con- 
veying any stimulus to the muscles. The sciatic nerve was now 
raised upon a glass tube, and it was found that it could not be excited 
by the strongest galvanism. The neurility or special life of the 
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nervous system was in fact gone, while the peculiar life of muscular 
structure, viz, its irritaJnlity, had become pretematurally exalted. 

Another frog having been aetherized till incapable of exhibiting 
any reflex phenomena, that is to say, until tlje nervous system was 
temporarily extinguished, the muscular system was still under these 
conditions highly sensitive to galvanism. The frog did not recover 
from the setherization. It was allowed to remain all night ; and its 
muscles were still found susceptible to galvanism in a high degree, but 
not to other m^des of stimulation. The nervous matter of the cord 
was now broken down and removed, and the body placed in a little 
water to prevent desiccation. It was again left all night, and on the 
following morning the muscles were found to be exceedingly susceptible 
to slight blows or pinchings, indudirig not only the skin but also a small 
portion of muscular substance. These motions simulated, in their ex- 
tent and power, volitional movements. They were excited with the 
utmost ease, and seemed to ordinary observers to be purposive acts 
resulting from sensation. These efiFects were observed thirty-six hours 
after the etherization of the creature. 

May 18th, 1863, a frog having died in spawning, the muscles were 
found to be somewhat susceptible to slight blows and very susceptible 
to galvanism. A portion of the calvarium was removed so as to allow 
the brain and cord to be tested. A copper wire was thrust into the 
canal, and an attempt made to galvanize the cord, but with no result; 
neither did any contraction take place during the final destruction of 
the cord. In fact, the nerve-tissue was dead, and could not be stimu- 
lated. This frog being left in this condition fot fifteen hours, the 
muscles of the thigh of one limb were found to be peculiarly suscepti- 
ble to the influence of both slight blows and galvanism, and when a 
contraction was excited, the limb was forcibly raised or drawn up, 
and remained so for several seconds. After a few minutes' experi- 
mentation, in which many contractions were produced, the force 
appeared to be exhausted; hence it seemed that the force which 
confers contractility had accumulated to a certain pitch or intensity, 
and was used up in the act of contraction. 

The following is a more recent observation from my experiment 
book. 

9 A.M. Aug. 13th, 1866. " On taking up this frog, now dead, and 
touching the limb, which during life had been paralysed by section of 
its nerve, with my finger, it was suddenly shot out as if alive. I 
placed the body down, and one or two apparently spontaneous move- 
m^mts of small extent afterwards occurred. On touching the skin 
gently with the point of a needle, by the slight pressure upon the 
muscle beneath movements of the limb were also induced, bui this 
high degree of exaltation very rapidly disappedred, after which the 
muscles were found ordinarily sensitive to galvanism." It is necessiuy 
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to state that the limb exhibiting these effects had been paralysed so 
far as nervous influence is concerned for sixty-three hours, and deprived 
of blood for at least six. 

We have here then three examples in which this phenomenon 
has been produced artificially, and one in which it occurred natu- 
rally. In aUof ikem Ae leading feature is that the nervous and vas- 
cular functions ceased to exist long jprior to the production of the ex- 
alted state of the muscular system — in one case 13, in another 15, in 
a third 36 hours, and in the last example nervous influence was ab- 
sent for 68, but blood for 6 hours only. We must not hastfly 
infer from these experiments that it is simply necessary to destroy 
these functions in order to secure this hyper-irritable condition of 
the muscular system. 

It is needless to say that cold bloods may be destroyed in nume- 
rous ways which altogether prevent the exhibition of this peculiarity. 
Thus if the head be crushed the condition of the nervous system 
which arrests suddenly the action of the heart appears also to impair 
the powers of the general system of muscles, and causes rigor to 
supervene at a comparatively early period. 

Again, in death by strychnia the irritability of the muscles is 
diminished, and they pass quickly into the state of rigor, the flexors 
of the hind limbs prior to the extensors. 

In death by CO" the irritability is depressed, and rigor comes on 
quickly. 

Muscles subjected to chlorine lose their irritability very quickly 
indeed, and the state of rigor follows more rapidly than in any of 
the other cases. 

Prolonged action of weak aether vapour removes every trace of 
irritability, and paves the way to early rigor. 

Again, if after the section of the spinal cord at the junction of 
the atlas and occiput the creature can still control his limbs (as fre- 
quently happens with frogs), the post-mortem exaltation of the mus- 
cles wiU be much less likely to occur than if the section was lower 
down so as to completely paralyse them\ 



* In the ezisiiiig condition of neural phymology it may perhaps be desirable to offer 
some explanation of the above remarks. To those who are praotioally engaged in 
physiological experiment it most be apparent that eur present views of the fnnotions of 
the cerebro-spinal system await considerable modification if not reconstruction. Oer- 
tain it is that to deprive 9ome vertebrates of their entire cerebral orgaru is by no means 
to destroy their capacity for willing and feeling. To Mr G. H. Lewes belongs the credit 
of having first prominently brought forward this highly important fact in an admirable 
and logical essay on the nervous system, to be found in his second volume of The 
Physiology of Common Life. Since perusing this essay I have repeatedly made experi- 
ments upon the matter, both in private, and publicly before my class and colleagues, 
with the most unequivocal results. The matter is so important that I may be pardoned 
the insertion of an illustrative experiment. On March 8(Hh, 1868, 9.60 a.ic. I struck off 
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The general deduction warranted by the experiments seems to be 
that any mode of death which tends to interfere with the processes 
generating muscular force, either by acting directly on the muscular 
tissue, or indirectly by exciting the nervous tissue to the consumption 
of muscular force, is opposed to the production of this exalted state. 
On the other hand, modes of death which quickly destroy the ner- 
vous system, by sedation or by withholding its nutrition (blood), and 
at the same time do not interfere materially with the muscular, seem 
favourable to its production. 

The extensive character of the contraction which takes place 
during this exalted state of muscular tissue appears to result from a 

with a Bhaip chisel the head of a frog. At 10 o'clock the creature «p(mton«oi»^ drew 
up its extended limbs into the normal flexed position beneath its body, and then moved 
iUelf tronnd in a circular manner three or four times. It then remained quite still 
for fiye minutes, and then again turned round a fourth of a circle after the fashion of 
the unmutilated animal.' At 10.8 made another turn, and afterwards commenced to 
move freely about the table as if very little had happened, 10.40. This frog has 
executed seTeral spontaneous leaps. At 11.46 I found it still sprawling about. If in 
leaping it came down on its back, which it seemed liable to do, by struggling it 
soon righted itself. 1.20. This frog is eyen more vigorous and leaps and moves about 
more freely than before. I now cut ofif the upper portion of the spinal column and 
included cord; the frog was tremulously conyulsed, but after a short time drew up 
its limbs and moved again spontaneously. The removal of the last i>ortion put a 
stop to the action of the laiynx. Of such experiments as these I possess numerous 
records, but the above is sufficient for our purpose. It will occur to the reader that 
Marshall Hall laid particular stress upon what he deemed to be a cardinal fact in 
neural physiology, viz. that no spontaneous movements ever occurred in decapitated 
animals. On the truth of this observation he based his theory of reflex or excito- 
motory action. The arguments of Dr Hall may be briefly summed up thus : If cold- 
blooded animals or the young of warm bloods be decapitated or their brains removed, 
irritants applied to their bodies will still induce movements ; that the animals have lost 
the power of volition is maintained on the ground that they perform no sponUmeous 
movements; and inasmuch as volition is the second link in the chain of which sensation 
is the first and motion the last, the creatures cannot possess sensibility, therefore the 
movements which follow irritation, however purposive or adapted to ends they may 
seem, are not the result of either sensation or volition, inasmuch as these are pro- 
perties of the brain alone, therefore they result from a purely mechanical arrangement 
the principle of the operation of which is that any excitation applied to the extremities 
of sensory nerves is conveyed to the nervous centre and there reflected on to a motor 
nerve, which in its turn stimulates muscle into action, no sensation whatever being 
perceived. In respect to these opinions of Dr HaU I would remark, that whether or no 
the absence of spontaneous movement proves the absence of volition, it is quite certain 
that the converse is true, viz. that the presence of spontaneous movement proves 
the existence of volition, and, as seen in the above experiment, the decapitated tronk 
gives all the evidence toe can have or ever do have of the possession of both volition and 
sensation, the whole theory of Marshall Hall is completely dispioved and subverted, 
and the brain can no longer be regarded as the exclusive seat of these powers. In order 
to secure success in these experiments certain precautions are necessary. 1. No aiues* 
thetio should be used, as it materially decreases the chance of recovery. 2. The 
haemorrhage must be trifling. 8. The nervous tissue must be cut, not crushed. To 
achieve these conditions the angles of the mouth should be slit sufficiently far back 
to aUow of the removal of the head by means of a sharp chisel, the lower jaw, tongue 
and principal vessels are then uninterfered with. 
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propagatiye action; e.g* in the most sensitive state it is simply ne^ 
cessaiy to include the smallest portion of a muscle within a pair of 
forceps, or to touch a single spot with the point of a fine needle, to 
excite contraction in a considerable portion of the muscular mass, 
as in the case of the heart a few fasciculi immediately subjected to 
stimulation contract, and in the act excite contraction in contiguous 
fasciculi; and in this way the effect rapidly spreads throughout the 
muscle, and by calling into play a large number of elements induces 
a marked and continuous contraction allied to that produced by the 
medium of the nervesL 

The nervous stimulus seems to differ from other modes of stimu- 
lation in the effect produced, mainly in the fact that it can call at 
once into effective action considerable masses of muscular structure 
by virtue of the minute distribution of its filaments among the mus- 
cular elementa In the case before us a similar effect seems to be 
brought about by a preternatural degree of excitability on the part 
of the muscular tissue itself. 

In dealing with my second proposition, it is not my intention to 
recapitulate the many arguments which have been adduced to show 
the independence of muscular irritability of nerve force. I wish 
simply to demonstrate that in all cases where nerve influence may 
be considered in active operation there is a diminution of muscular 
irritability, and that conversely when that influence is cut off from 
muscle, there is a tendency in the muscular force to accumulate. 
In all animals there is a marked distinction in the states of the 
nervous and muscular systems during mental activity and the con- 
dition in which volition is cut off from its nervous associations. By 
the state of mental activity I mean simply the waking state of an 
animal in contradistinction to the condition which obtains during 
profound sleep, fainting, or complete SBtherization* 

During the waking state the muscular system of an animal is 
maintained, through the medium of the nervous, in a condition of 
slight contraction, in which the muscles firmly balance or steady 
each other; and thus the will holds firm possession of the muscular 
oiganism. It would appear that this active volitional state involves 
a constant expenditure of neui*o-muscular force* In profound sleep 
and allied conditions this psycho-neural influence ceases to operate 
upon the muscular system; hence we find the head fall forward upon 
the chest, the arms sink down, the fingers relax, if the person is 
standing he may fall down, or if sitting slide from his chair, the eyes 
become closed, &c 

In fainting and death the same powerless flaccid condition of 
the muscular system is seen in excess; yet in all these cases the 
elasticity and irritability of the muscular system still exists. 

Sleep, fainting, deep setherization, and death, seem to represent 
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different degrees of what may be called functional neural paralysis, in 
contradistinction to purely muscular, in which the] irritability of the 
muscular tissue is diminished or gone, while the neurility of the ner- 
vous centres and nerves remains. 

When we reflect, that the mere waking state of animals involves 
a constant expenditure of both nervous and muscular force, the im- 
portance of sleep for their reaccumulation becomes obviou& It is 
not therefore alone in the production of motion that the will con- 
sumes neuro-muscular force, but also in the maintenance of the nor- 
mal position of the animal; for few muscles of the body are during 
the waking state in a condition of non-control or laxity; most are 
subjected to continuous stimulation of a mild form. In the tremu- 
lousness of old age, or after exhausting disease, we witness the effect 
of deficiency of this tonic power. 

Whenever the mind has to make a greater effort than usual for 
the accomplishment of an act, it k an evidence that the forces of the 
system are below par, and do not respond with their accustomed 
delicacy to the influence or stimulus of the will; and in such cases 
the animal is said, in common parlance, to be tired or fatigued. 

The degree of stimulation exercised by nerve upon muscle may 
be normal or abnormal; and in proportion to the severity of the 
stimulation will be the rapidity with which irritability will be con- 
sumed, and rigor mortis supervene. 

There appear to be three conditions of nerve in respect to the 
muscular tissue. 

1. It may exist as a mere structure, i.e. functionally inactive. 

2. It may be in that condition which enables an animal so to 
control its limbs as to maintain any required position. 

3. It may be concerned in producing actual movement. The 
last two conditions appear to be degrees of the same kind of action. 

We wish to ascertain by direct experiment whether all or any of 
these conditions of nerve are concerned in exhausting muscular 
irritability. 

This is by no means an easy matter ; for although we have abun- 
dance of experimental evidence from the n^ative stand-point, that 
irritability is exalted in the absence of nerve influence, it is difficult 
to devise reliable experiments in support of the positive propositioD. 

The reasons of this will become more obvious as we proceed to 
review the interesting experiments which clear the ground. It will 
be well to bear in mind the conditions necessary to a successful ex- 
periment, as the bearing of the after remarks will be more apparent. 

1. The source of irritability, viz. the blood, must be cut off from 
two symmetrical limbs of the same animal. 

2. The possibility of nervous supply must be cut off in one limb 
and retained in the other. 
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Three animalB (in all respects similar) so situated must be taken. 
One must be placed under conditions which enable the limb with 
the nerve intact to remain in a flaccid, uncontrolled state, equivalent 
to the condition of volitional paralysis. 

Another must be caused to maintain continuous control over the 
limb without the induction of motor acts. 

The third to exercise the limb and contract the muscles. 
These conditions being achieved, we have to note in which of 
these cases rigor mortis of the limb supplied with nerve sets in 
earlier than in the other limb deprived of both nerVe and blood. This 
will furnish us with the comparative fXbte at which the irritability 
is exhausted in limbs so situated. 

The next question is, whether such an experimental combination 
is possibla 

At the very threshold an insurmountable obstacle meets us in the 
case of warm-blooded animals; for in them to cut off the supply of 
blood is to induce immediate paralysis, which is rapidly succeeded 
by the condition of rigor mortis. This is well illustrated in the 
effect of deligation of the abdominal aorta. During the early stages 
of the paralysis thus induced in the hind extremities, both the nerves 
and muscles are susceptible to the stimulus of galvanism, and sensa- 
tion is likewise perfect Why, therefore, is it that volition is unable 
to influence these limbs? The same and similar experiments upon 
cold bloods enable me to answer this question. I find that if, in these 
creatures, the circulation be cut off from a limb in which the nerve is 
still allowed to remain, the paralysis is not immediate, in fact, does 
not come on for a period of from one to three hoars, the frog during 
this interval being able to use the limb; but at length we get the 
8ame condition of complete paralysis which obtains at once in the 
warm bloods. 

The following experiment will illustrate this. 
August 11th, 6 P.BL 1866i A large frog was taken and thoroughly 
letherized, the artery supplying one of the hind limbs was taken up 
and tied and then eut below the ligature. The ligature was applied 
to prevent general bleeding. The nerve was then raised up out of the 
way, and the whole of the structures of the thigh were cut through to 
the bone leaving the nerve intact — ^the skin was then brought toge- 
ther with sutures. In rather over an hour the frog began to respire, 
and I found he possessed sensibility in the limb, and was also able to 
move it a little. — 10 P.M. The frog seemed to have complete control 
over the partially amputated limb in all those muscles still possessing 
bony connectiona — 8 A.BL Aug. 12th. The limb was found to be com- 
pletely paralysed, but quite flaccid. It possessed very little irrita- 
bility, quite a marked difference in this respect between the two 
limbs. The limb is now dragged after the body at full length. Its 
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sensation appears perfect. — 4 p.m. The paralysed limb is now void of 
all irritability, as tested by galvanism. It is however stUl flaccid, and 
the sensibility to pain normal, — 9 A.M. Aug. 13th. The paralysed 
limb is now in a state of rigor, and there is an entire absence ofsensor 
tion» 

In this case, as in others of the kind, we observe there is a 
gradual diminution of muscular irritability; but this will not account 
for the paralysis, for we have many examples in which frogs would 
move their limbs by volitional effort where the muscles are far less 
irritable, and rapidly passing into a rigid state; such examples are 
furnished by certain stages of thermal tetanus. The following experi- 
ment will throw light upon the real causes of the paralysis. 

August 10th, 4 P.M. Compression was exercised upon the ab- 
dominal aorta of a frog. It was then ascertained by the microscope 
that the circulation in the limbs was completely arrested. The sciatic 
nerve of one limb was then divided. The paralysis of this limb was 
complete. The creatwre had perfect control over the limb deprived of 
blood, biU wiih the nerve intact In about an hour afterwards it was 
observed that although quite vigorous it had lost ail control over this 
limb, I tested the muscles of both limbs for irritability, and foimd 
them in both cases* tolerably sensitive. The distal extremity of the 
cut nerve is also irritable. — 10 P.M. The limb possessing its nerve 
remains perfectly paralysed, and is, with the other limb, dragged 
after the frog at full length. The tomiquet was now removed from 
the aorta and the creature placed in water. At this time the muscular 
irritability was at a very low ebb. At 8 A.M. Aug. 11th, the frog was 
much in the same condition; the limb in possession of its nerve and 
artery was still completely paralysed, although the muscles of both 
limbs had acquired increased susceptibility to galvanism. On ex- 
amining the webs I found a free circulation now going on in both 
limbs. The sensation in the skin of the paralysed limb possessing the 
nerve is perfect. — 1 P.M. No return of motor power in the anatomi- 
cally perfect limb. — 9 A.M. Aug. 12. The limb is still paralysed, but 
the muscles are very irritable, in fact, more than normally so. At 
8 A.M. Aug. 13th, the frog was placed under the influence of 
strychnia, to ascertain if the nervous impulses generated by the drug 
would pass over the nervous obstruction and contract the highly irri- 
table muscles. Not the slightest effect, however, was produced. This 
experiment shows that in thus cutting off blood from a limb we inter- 
fere seriously with the functions of the motor nerve; and as in 
animals deprived of blood the excitability of nerve-tissue is always 
first to perish, it is legitimate to assume that this degradation of the 
nerve is the primary effect of cutting off the blood from a limb, and 
therefore the cause of the paralysis. This functional degradation of 
the nerve being brought about immediately in warm bloods, and 
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gradually in cold bloods, is consistent with all our knowledge of the 
differing degrees of vital persistence possessed by these classes re- 
spectively. The experiment further proves that the nerve may 
suffer past restoration by prolonged absence of blood, but that the 
muscular irritability may be completely restored, in fact exalted. 

The question as to the part of the motor nerve (the tnmk or the 
terminal branches) concerned in the paralysis is one of extreme in- 
terest. Inasmuch as the sensory fibres still convey their impressions, 
it seems probable that the defect in the nerve must lie in its ultimate 
distributions to the muscular tissue; otherwise we should have to 
consider that the motor fibres of the trunk of a nerve are dependent 
upon the general circulation of a limb for their integrity, and that 
the nutrition of the sensory fibres of the same trunk is maintained 
in some other way. There seems to be a remarkably interesting 
analogy between this form of paralysis and that induced by the action 
of the woorara poison \ 

Comprehending now more fully the nature of the paralysis which 
results firom depriving limbs of blood, we are in a position to see that 
whatever influence nerve may exercise in exhausting irritability when 
the source of its replenishment is cut off must necessarily be exercised 
prior to the accession of the paralysis, for this form of paralysis 
affecting the ultimate distributions may be considered as equivalent to 
the absence of nerve tissue; and under such cii'cumstances the irrita- 
ble muscular tissue represents the condition and capacity of living 
muscle freed from nerve influence. 

It is clear then that as the terminal distributions of the nerves 
to the muscles of warm bloods become at once insensible to the stimulus 
of volition, that the nerve in these cases can have no influence in 
hastening rigor by exhausting irritability, and the accession of rigor 
mortis here must therefore be referred entirely to ahsence of blood; 
for in these cases we are not even disturbed by speculations as to the 
possible influence exercised upon the muscle by the mere presence of 
living nerve tissue in a state of inaction. 

We see then that the question with which we started is one 
capable of solution only by experiments upon cold bloods carried 
out in the manner previously indicated; for in these only is it possible 
for nervous influence to act upon muscular irritability in the absence 
of the blood, and in these for a limited period only, but, nevertheless, 
sufficiently long to prove whether or no the T/ierc presence of ina<:tive 
living nerve diminishes muscular irritabihty, or whether the loss of 
irritability is appreciable only when the muscle is either controlled 

1 How is it that the terminationB of the motor nerves in muBoles are so interfered 
with while neither the trunk or its ramifications nor the mnsonlar tissue appear to be 
affected past restoration? Is there any intermediate tissue differing from nerve or 
musde which fozms the bond of union between them? 
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or induced to ccmtract by nervous influence. Space will not permit 
me to recite the complicated experiments by which the necessary 
conditions were achieved, and I must content myself in this place by 
briefly stating the deductions arrived at. 

1. Mere presence of living nerve in a state of inaction neither 
hastens nor retards the accession of rigor, and therefore has no in- 
fluence on irritability. 

2. The condition of nerve concerned in simple muscular control 
and in contraction leads to earlier rigor mortis^ and therefore possesses 
the power of exhausting irritability. 

Leaving now this aspect of the question, we proceed to enquire 
what evidence do we possess that muscular irritability is capable of 
abnormal exaltation in the absence of nerve, or in those uncontrolled 
powerless states of the muscular system which, from the absence of 
volitional impulse, are equivalent thereto? 

Firstly, we have the fact that if one limb of a frog be paralysed 
by section of its nerve, after a certain period has elapsed it will be 
found more susceptible to the various forms of external stimulation 
than the other limb; and if such an animal be killed or happen to 
die, the limb in which the nerve is intact will lose its irritability 
and pass into the state of rigor, long prior to the limb the nerve of 
which has been divided. 

Dr Badclifle remarks, "many experiments might be mentioned, 
all of which seem to. show, more or less clearly, that the disposition 
to convulsive muscular contraction is inversely related to the supply 
of nervous influence to the muscles.** Vide Lancet, 1863, Vol. L p. 
321. This istin the main correct, but it renders no support to the in- 
hibitory theory of nervous action as propounded by its talented author. 
The readiness with which the muscle contracts is aUvays in direct 
proportion to the amount of force accumulated in its structure, or in 
other words, to its irritability. It is nx)t that the absence of nerve 
produces a greater proclivity to contraction in the muscle, but that 
the muscle in the absence of nerve can accumulate the force on which 
irritability depends. In all the experiments in which muscle con- 
tracts more readily in the absence of nerve the element time is an 
important ingredient, for if its influence be excluded the opposite 
condition, viz. that muscle contracts Tnore readily in the presence of 
nerve influence is the normal law, as I hope shortly to show. 

To the fact that muscle relieved from nerve influence acquires 
additional contractile energy, I add the farther important observation, 
that it retains its irritability not unfrequently for days after its fellow 
has passed into the state of rigor mortis. 

The experiment just cited also tends to show that the presence of 
nerve in action keeps down muscular irritability and induces earlier 
rigor mortis, as before demonstrated; for we see that when blood is 
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drcolating equally through two limbs the irritability of the one cannot 
be maintained at the same standard in the presence of the nerve. If 
rigor mortis could be r^arded as a contraction it might be supposed, 
in accordance with old notions, that the dying nervous system had 
something to do with its premature induction, but as rigor is a mere 
setting of the muscular tissue this idea has not a shadow of proba- 
bility^; besides, the limbs will rigor simultaneously in cases in which 
the death of the animal succeeds immediately the section of the 
nerva 

Dr Brown Sequard has furnished us with a most beautiful 
experiment^ which bears intimately upon the present question, and 
which also has been used by Dr Badcliffe to support the proposition 
''that the state of muscular relaxation is more readily disturbed by 
contraction, and that the contraction itself is more powerful when the 
muscles are receiving a diminished supply of nervous influence." 
The experiment is as follows, two frogs (A and B) are taken and their 
spinal cords divided low down in the cervical region, so as to remove 
the lower limbs from the control of the brain and medulla oblongata. 
In such cases the reflex (?) contractions induced by pinching the toes 
are capable of raisii^ heavier weights than could be raised by the 
hind limbs when the frogs were in their normal condition. Thus 
they raised hefore division of the coid 60 grammes. Immediately 
after division A raised 20 and B 10 grammes only. In 5 minutes A 
raised 45 grammes and B only 30; thus they proceed increasing 
rapidly in power, till in four hours A can sustain 140 grammes and 
B 130; at the end of twenty-four hours they are found to have 
reached their maximum point, viz. 150 and 140 grammes respect-* 
ively. 

The first point worthy of notice in thi» important experiment is 
that a degree of shock was produced by the operation in frog A, 
measured by a loss of power equivalent to 40 grammes, and in frog B 
to 50 grammea This diminished power would be entirely due to 
loss of nervous force and muscular irritability, chiefly the former, 
partly the direct result of severe injury to the nervous centres, and 
partly to loss of blood and depression of the heart's action. 

Secondly, it would be at this period when A could raise but 20 
and B 10 grammes only, while suffering from shock, that the 'oervouA 
influence would be at its lowest eth, and if the muscles possessed a fair 
amount of irritability, which they certainly do after such operations, 
this should be, if Dr Badcliffe's views are correct, the period at which 
the greatest weights could he raised; for the period of profoundest 
nervous shock admitting of neural excitement of the muscles would 
be the one in which the minimum degree of nervous influence exists, 

^ See my paper on this subjeot in the preceding Number of this JowmoL 
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But it is evident tliat the muscular and nervous systems progres- 
sively acquire force from this shock-point, stopping not at their 
normal amount, but reaching a marvellously abnormal degree of 
exaltation, and this under the veiy conditions I have pointed out as 
leading to nervous and muscular exaltation, viz. the absence of the 
exhausting principle of volition or nerve in action. 

We see then by these experiments that muscles possess no ab- 
normal powers immediately after they are liberated from nerve in- 
fluence, as in section of the sciatic, or after they are removed from 
the influence of the upper part of the cord, but that these are 
graduaUy acquired, many hours being consumed in reaching the 
maximum degree. 

The correct explanation therefore of Sequard's experiment would 
seem to be, not that muscle contracts more readily in the absence of 
nervous influence, but that in the absence of volitional or other 
excitement both the nervous and muscular systems can accumulate 
their own special forces, and that to an extent that can never become 
apparent imder normal life conditions. Thus in the experiment, 
60 grammes measure the neuro-muscular force of the &ogs when 
unmutilated. After the operation the frog B suffers more from 
shock, and the sum of its neuro-muscular force is represented in con- 
sequence by just half that of the other, or l-6th of its normal force. 
A possesses after the operation l-3rd of its normal force. The 
nervous system gradually recovers from the influence of shock, but 
is no longer stimulated by volition and therefore no longer controls 
the muscles in the usual way, consequently they remain flaccid or 
paralysed, and this gives them an opportunity of accumulating foroe, 
which they gradually do till they acquire nearly three times their 
normal amount The exact proportions in which this accumulated 
force is divided between the nervous and muscular systems is a deli- 
cate subject for future consideration. 

The fact is here broadly stated, that the psychical principle of 
volition dominates and exhausts both the nervous and muscular 
ffjrstems, and that in the absence of this influence they acquire 
exalted powers \ 

^ In June, 1S66, Ptofessor FranUand read a paper to the Boyal Institation of Great 
Britain, **0n the source of muscular force," which oontadns the foUowing passage: 
** The oombuBtible food and oxygen ooexiBt in the blood which courses through the 
&u8cle, bat when the mutele U at rest there U no ehemie4il action between them. A com- 
Band is sent from the brain to the muscle, the nervoue agent detemUnei oxidatum. The 
potential energy becomes active energy, one portion assuming the form of motion, 
another appearing as heat. Here is the source of animal heat, here the origin of 
muscular power. Like the piston and cylinder of a steam-engine the muscle itself is only 
a machine for the transformation of heat into motion." The reader wiU at once peroeiire 
that this idea of muscular force being generated only during nervous action is quite 
incompatible with the experiments and views of the author of this paper. There can 
be no doubt that chemical action is constantly taking place between oertain elements of 
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I propose now to turn for a short time to a consideration of the 
part which the blood plays in connection with muscular contraction. 
The following is the proposition which I shall endeavour to maintain. 

That the blood or nutritional plasma derived therefirom not only 
furnishes the materials by which muscuhu* contractility is maintained, 
but ia likewise the determining cause of that polar arrangement of 
the muscular molecules which maintains or restores the elongated 
or relaxed state. 

In the last No. of the Journal I drew attention to a form of 
muscular contraction induced in cold bloods by the irritant action of 
such vapours as aether, chloroform, bisulphuret of carbon, amylene, 
&c. I pointed oiit that they were the most extreme forms of con- 
traction of which these muscles were capable. The persistent, in 
most cases permanent, character of the contraction at once associated 
it with the forms of tetanus induced by water of certain temperatures 
and by the discharge from Khumkoffs coiL The extreme delicacy 
of this mode of exciting muscular contraction by setherial vapours 
has enabled me to perform some very interesting and instructive 
experiments. 

1. I have succeeded in proving by experiments in which the 
nervous system has, as far as possible, been removed, and better still, 
by experiments on isolated muscles, that both chloroform and warm 
water act direcUy v/pon and produce tmiversal contraction of the 
muscular tissue, which, according to iker circumeta/nces of its induction, 
may or may not he permanent. 

2. That when the nervous and vascular systems are present 
they complicate the result, and furnish us with illustrations of most 
important physiological principles. 

Taking first Thermal Tetanus, I find two normal limbs (Le. sup- 
plied with both blood and nerve influence) contract simultaneously. 
Two limbs deprived of both blood and nerve influence also contract 
simultaneously. Two limbs, the one having neither nerve nor blood, 
and the other both nerve and blood, the latter contracts first. Two 
limbs, the one having neither nerve nor blood,, and the other blood 
only, the former contracts first. 

In Chloroform Tetanus, the same holds goodi as in the first 
two examples of thermal tetanus; but in two limbs, the one having 

muscle and blood, and that force it being eonHnuoiuly stored^ nervons action being 
eonoemed in its oonflnmption and disoharge rather than in its formation* Aa to heat, it 
is eertainly generated in other portions of the body besides the muscular stmotores, and 
if nervaue action is neoessaiy to oxidation, how is this heat produced 7 

Tbe piston and cylinder is a means of regulating mere repellant force, but muscle is 
a mechanism haying the power to convert some fluid, which is either electricity or 
a close correlate into a source of both repellant and attractive power; for it is only 
Ijy aBBUDung two such forces that the phenomena of elongation and contraction can be 
explained. 
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neither blood nor nerve and the other having both blood and nerve, 
the former contracts first. Two limbs, the one having neither blood 
nor nerve, and the other nei^ve but no blood, the latter contracts first. 

An analysis of these various results shows that both warm water 
and chloroform exercise an excitant action upon the nervous system 
of the frog, which tends in both cases in the direction of muscular 
contraction, but which of itself alone is too weak to bring about such 
an affection of muscle, and further, that the warm water is more 
powerful in this* respect than the chloroform. It also affords evidence 
of the important principle, that certain elements of the blood in the 
interstices of the muscular tissue oppose a powerful obstacle to such 
agencies as tend to throw muscular tissue into a state of contraction. 

Muscle when dynamically perfect is related, on the one hand, to 
certoln 'stimuli as nerve and external agents, which tend to induce 
contraction, and, on the other, to some of the elements of blood which 
bring about its elongation; but its degree of proneness to fell into 
contraction appears to be directly proportionate to the amount of 
force generated in it by the blood, in other words, to its irritability; 
and although the galvanometric evidences of the existence of force 
are masked during contraction by the derived electro-motor currents 
taking on the negative variation, yet this by no means proves (oa 
some suppose) that the Hood-generated forces are absent, for we have 
previously seen in explaining Sequard's experiment, that the con- 
tractive energy, i.e. the tendency of the molecules of muscles to 
approach each other, may be increased two and a half times, which 
is at once proof that they do not approach by virtue of any permor 
nent force which they possess as mere physical atoms, for such force 
would be a fixed and not a varying quantity. It is evident, therefore, 
that both the power of contraction and of elongation is derived firom 
the blood and not the elongating force alone, and we must not, with 
Dr Radcliffe, fall into the error of considering that muscle necessarily 
passes into a state of contraction in the absence of an elongating 
force; for experiment shows that the most perfectly relaxed state 
of muscle is compatible with the absence of every trace of irritability. 

I shall now proceed to narrate several experiments in which the 
relation which blood bears to muscular tissue is more fully displayed, 
and by which it is made evident that the blood gives the power by 
which the elongated or relaxed state of muscle is maintained. 

Exp. 1. A firog is moderately chloroformed; when removed from 
the vapour, particular note is made that the limbs are perfectly flac- 
cid or relaxed, and that the heart is beating. The heart is now ex- 
posed and excised, and in a few seconds or minutes, according to the 
amount of chloroform imbibed by the tissues, the limbs tvtU sponta- 
neously extend and become rigidly tetanic. 

Another firog was slightly chloroformed, and the observation made 
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that the heart was still acting, and that the whole of the muscles 
were quite flaccid. The structures of one thigh were then cut 
through to the bone^ so as to sever all nervous and vascular con- 
nections. The muscles of this limb gradually commenced to con- 
tract, and in a few minutes the leg and foot were extended, and the 
webs stretched out The muscles of the other limb and the trunk 
generally remained in a completely relaxed state. After the lapse of 
some minutes I observed a tendency in the unmutilated limb to 
extend, and in the forepaws to approach the central line of the body, 
and to clasp as in tetanus of the male frog. Directing my attention 
to the heart I could not detect any pulsation, and I therefore re- 
moved the parietes of the chest, the access of air re-excited the 
action of the heart, and very quickly the muscles of the unmutilated 
limb and general trunk became again flaccid. The heart again 
losing power, the condition of contraction a second time came on, 
and gradually became more and more complete. On re-examining 
this frog, after the lapse of an hour, I found that the muscles had 
again become flaccid ; this time not only in the unmutilated limb, 
forepaws, and muscles of the trunk, but also in the limb which, as 
fiear as its soft parts were concerned, was completely amputated. Not 
the slightest trace of irritability was however now detectible. No- 
thing could be plainer than the teaching of this experiment. The 
muscular tissue was subjected to a dual influence; firstly, the chlo- 
roform tending to excite it to contract; secondly, the blood, or cer- 
tain of its elements, tending to maintain it in the relaxed or elon- 
gated state; and accordingly as one or other of these influences pre- 
vailed, the muscles became alternately contracted or relaxed. After 
the cessation of the circulation, the antagonism was feebly continued 
between the evaporating traces of the chloroform, on the one hand, 
and the interstitial juices of the muscle, on the other, the balance of 
power being so nicely adjusted, that the interstitial nutrition was 
just capable of restoring the relaxed condition, but incapable of con- 
ferring the slightest degree of initability upon the muscles. It is 
rarelf^ that we obtain this exact balance of the influences; for if the 
amount of chloroform in the muscles is too large, the condition of 
permanent contraction obtains, and if too small, there are slight evi- 
dences of returning irritability after the muscle has become elon- 
gated. 

Another satisfactory mode of exhibiting this function of the blood 
is to compress the abdominal aorta of a frog; and having ascertained 
by the microscope that the circulation in the lower limbs is securely 
arrested, oil all parts of the body, with the exception of one limb, 
expose this to the vapour of chloroform, protecting as much as pos- 
sible all other portions of the body from its influence. This limb 
will, after a time, show a disposition to contract: it should then be 
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removed from the vapour^ and when it has become fully extended, 
the torniquet should be taken off; the blood will then graduallj find 
its way into the limb, and restore the flaccid elongated condition. 

In this experiment we have the contrast of two limbs without 
bloody one of which is under a contracting influence; and we get an 
excess of chloroform in the tissues of one limb, and protect the ani- 
mal to a great extent from being generally affected. As might be 
expected, this state of contraction is never so easy to produce when 
an animal possesses its full complement of blood; for although the 
blood may be stagnant in the vessels, it will supply for a consider- 
able time the elements which oppose the contracting powers of the 
chloroform; hence if we would produce the state of contraction under 
such conditions, an amount of chloroform is demanded in the tissues 
which ordinarily destroys the animal; but by adopting the plan of 
allowing the ingress of the chloroform only through the limb which 
we wish to affect, we overcome this obstacle, and retain the heart in 
such a condition that the circulation can be restored and the con- 
tractive state dissipated; when the mechanical impediment is removed 
from the aorta. 

In concluding this paper, I propose to take a hasty survey of the 
various affections of muscular tissue as they have presented them- 
selves in my experiments. 

Let us take as an illustration the gastrocnemius muscle of the 
fix>g in the elongated or uncontracted state. 

1. It may exist in this elongated or uncontracted state with aU 
its dynamical powers in a state of integrity. This is its normal con- 
dition as we see it in the absence of stimuli 2. It may exist in 
this state when deprived of all dynamics; or, in other words, in the 
absence of irritability. 3. Both these conditions of elongation may 
be associated with softness or flaccidity of the muscular structure, 
the former necessarily so, the latter not as the fixity of rigor may 
prevail. 

Now let us take the same muscle in a state of complete con- 
traction. 1. It may exist in this state of contraction with itf dy- 
namical powers perfect. This is true in those normal contractions 
which quickly give place to relaxation. 2. It may exist in this 
state when deprived of all dynamics, as seen in the forms of permit 
nent contraction induced by warm water and aetherial vapours. 
3. In a state of softness, or in a hard coagulated state, the soft state 
is represented by normally contracted muscle severed from one of its 
attachments. The hard state is^ induced by setherial vapours and 
extremes of temperature. 

As with the state of elongation, so with that of contraction, the 
truly dynamical state is one of softness. 

The dynamical conditions on which iiTitability depends may 
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therefore exist both in the elongated and in the contracted state, 
and may also be non-existent in both of these states. Properly 
speaking, irritability is no more the tendency which a muscle ex- 
hibits to contract, than the disposition it shows to relax or elongate 
subsequently to contraction, in fact, a comprehensive definition must 
include both these conditions; neither are either of these states to be 
considered (as far as muscle alone is concerned) as conditions of rest; 
for they are both active states so long as the muscle is a vital struc- 
ture, and both inactive when the dynamics of muscle are absent. 

As yet there seems to be no reliable experimental evidence to 
show that muscle per se ever contracts spontaneously, i.e. in the 
absence of a stimulus, but there are plenty of indications that the 
same agent is a greater stimulus at one time than another, nor is 
there any evidence to show that muscle will contract on the with- 
drawal of elongating influences, but abundance to the contrary, to 
the fact that it will remain in the elongated state in the absence of 
all susceptibility. Contraction and elongation would seem both to be 
dependent on the existence of polar forces which have a certain rela- 
tion, on the one hand, to excited nerve and external stimuli, and, on 
the other, to some of the elements of the blood : excited nerve and 
external stimuli inducing the attractive which involves contraction, 
and the blood the repulsive polar attitude essential to elongation. 

The attractive state of the muscular molecules which 'represents 
contraction, is the condition in which force is exhausted by the asso- 
ciation of unlike polarities, while the state of elongation being that 
in which every molecule is opposed to every other, force may be 
accumulated. In proportion to the amount of force accumulated in 
the molecules will be the intensity of their 'contractive or elonga- 
tive energy; and also in proportion to their charge will be their 
proclivity to disturbance, in other words, their susceptibility to 
stimuli 

When a stimulus can no longer act, it is because the force is 
exhausted. K the chemistry of the muscle be not absolutely ar- 
rested the power to contract under a stimulus will return. If at 
the moment of its action a stimulus be so excessive as to induce 
the attractive state of the molecules, and at the same time to destroy 
the force-producing powers of the muscle, the molecules will remain 
in the state of approximation, simply because there is an absence of 
any power to rearrange them. Conversely, if the force-producing 
powers be destroyed during the state of elongation, the molecules 
remain apart. 

Muscle therefore, as a dead structure, has no tendency to remain 
in either one or other of these states preferentially. The loss of 
irritability is the first evidence we possess of a series of chemical 
changes which culminate in such a coagulation of the muscular 
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juices as to cause fixity or setting of the muscle. When these 
changes take place in the elongated muscle, the fixed condition is 
produced which we recognize as rigor mortis; when, on the other 
hand, they take place in the contracted muscle, they induce the fixed 
hard condition of the muscular structure seen in setherial and thermal 
contractions. 

Substances which affect muscular tissue may be classified as pure 
stimulants, stimulo-coagulants and depresso-coagulants. All sub- 
stances possessing the coagulant property arrest the chemical reac* 
tions between the muscular tissue and the blood by which the fiuid on 
which irritability depends is generated. The stimulo-coagulant class 
is represented by the irritant action of chloroform and the asthers 
generally and by extremes of temperature, the depresso-coagulant 
by chlorine, C0^ and the sedative action of very dilute aether vapour. 

It %8 possible fkerefore to have rigor mortis or coaguUUive setting in 
hoih elongated and contracted muscles. 

While therefore my researches contradict the theory which refers 
the phenomena of living muscle to statical electricity as an elongating 
power simply, contraction being regarded as due to an inherent 
attractive power of the muscular molecules, they are singularly in 
accordance with the conclusions of Du Bois Beymond, who regards 
every elemental part of muscle as a centre of electro-motor action 
containing' within itself positive and negative elements arhmged in 
a dipolar series, and seem to fill up a gap by showing that the re- 
pulsive oMitude of this series is maintained by the blood. 



ON THE CX)NDrriONS OF THE PROTOPLASMIC MOVE- 
MENTS IN THE EGGS OF OSSEOUS FISHES. 

A Paper read at the Physiological Section of the British Aasodatum, 
Nottingham Meeting, 1866, by W. H. Ransom, KD., Nottingham. 

(Plati XI.) 

The existence of certain movements, incorrectly described as rota- 
tions, in the egg of the pike, has been known to physiologists since 
the days of Rusconi I first observed them in the yelk of two 
species of Gasterosteas in the summer of 1854, and proved their 
dependence upon contractions of a rhythmic character, in a Paper 
published in the Proceedings of the Royal Society in the autumn of 
that year. In the following spring I ascertained the essential simi^ 
larity of the movements seen in the eggs of the pike, with those met 
with in the stickleback, and in a communication made to the Physio- 
logical Section of the British Association at the meeting held at 
Glasgow, in 1855, 1 explained the so-called rotations, describing them 
as oscillations, the effect of contractions. 

Professor Reichert of Berlin, in MtQler^s Archiv, 1856, endea- 
voured to connect these movements with a peculiar structure, which 
he believed that he had discovered in the substance of the yelk of 
ripe impregnated eggs, but in ^he following year, 1857, he gave up 
this explanation, and referred the oscillations correctly to contractions 
of the yelk, although he still conceived them to be limited to im- 
pregnated ova. 

The numerous observations which have recently been made, tend- 
ing to shew the existence of a very widely diffused, if not constantly 
present, property of contractility in cell-contents or protoplasm ^ have 

1 EoBlHker, who was among the eariiest observers of the facts upon which this 
generalisation has been based, suggested, in the third Edition of his HaruUmeh der 
Gewehelehret the question, whether the contents of every animal cell did not, at 
some period or other of its development, exhibit spontaneous movements ; and in the 
fourth Edition (1S62) he considered that the question might be answered almost with 
certainty in the affirmative. In the same volume, p. 44, m^ be seen a useful but 
incomplete sunmiary of the facts then known. 

Hessling, GrundzUge d, Oewebelehre des Memchen, 1S66, p. 25, gives a fuller 
epitome of the facts with historical references, and supports the general notion of 
contractility of protoplasm. 

Frey, HantUmeh der HUtologU, &e. 1867, p. 87, collects and arranges the facts, and 
accepts the theory of a contractile property inherent in all protoplasm. 

The monographs, by Max Schultze, Dob Protoplaama^ &c. 1868, and W. Eiihne, 
Vntenuchungen tuber doe ProtopUumay 1864, added largely to the facts previously 
known, and supported the doctrmes which the previous researches of E. BrUcke, 
'* Die Elementar Organismen. und Das Yerhalten der Sog. Protoplasmastrdme in den 
Brenhaaren von XJrtica urens gegen die Schlage des Magnet-electromotors," in the 
SiUungsberichte d. Akad. der WUsen, Wien, 1861—62, had, in conjunction with those 
of others, laid the foundation of viz. that the property of contractility was common 
to the protoplasm of all cells, animal and vegetable, fieichert has strongly dissented 
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induced me to maJ^e use of these eggs for experiments upon the 
essential conditions of its action, and on the modifying influences 
exerted by temperature, galvanism and poisonous substances: no 
other cells with which I am familiar presenting equal £Eu;ilities for 
such an inquiry. 

from this view, and has recently, Archiv fur Anatomie, Phynologie^ &c. 1866, p. 417, 
recorded his observations, and criticised severely the notion that the movements in oells 
of plants are due to contractions of the protoplasm. 

C. Bernard, Le^pnt aur let propriitis des Timu VivantSt p. 153, has added the 
weight of his name in favour of the notion, which appears generally held by the 
German physiologists, that all the contractile substances, including the striped mna- 
oolar fibre, are but different grades of one and the same substance, and that all the 
various movements have but one single movement as their common essence. 

The question what is this common essence ? has not been answered, but attempts 
to trace by observation and experiment those properties which the various kinds of 
motor substance, met with in ftwiTTni^la and vegetables, have in common, have of late 
been veiy numerous; as have been also obser?ationB tending to shew what are the 
resemblances and differences that exist between the protoplasmic movements as seen 
in the cells of higher animals and the vibrations of cilia and of speimatozoids ; 
the movements of the soft substance of Rhizopods and other protozoa, as well as 
the cleavage of the yelk and multiplication of cells by fission. Some facts have also 
heen given in support of the notion that the naked protoplasmic masses met with 
in the tissues are capable of changing their position, and travelling on to considerable 
distances. 

Among the numerous workers in this field of research, besides those whose 
names have been mentioned, stand prominently forward Siebold, Wharton Jones, 
Ijiieberkuhn, Huxley, Haeckel, Virchow, Hemak, A. De Bary, Beale, Pfluger, Beck- 
linghausen, Preger, Leuckhart, Lister, La Valette St George, and many others. So 
hvely an interest indeed has this question aroused, that scarcely one of the German 
Journals devoted to Physiology now appears without containing one or more papers 
zehiting to it. 

Dr Beale, among British physiologists, has done much to draw attention to the 
importance of the soft-cell contents, or protoplasm, to which he applies the term, 
in a restrcted sense, 'germinal matter,' and has adopted views which would give 
to it, could they be proven, a still greater importance in the animal and vegetable 
economy than has been claimed for it by any other investigator. Not only does he 
claim for * germinal matter' exclusively tHe possession of vital properties, but he says, 
" the contractility of muscle, the vibration of cilia, and the oscillations of the sperma- 
tozoa, are different in their nature from the movements observed in the white 
blood corpuscle, pus a^d mucous corpuscle, and in many of the lowest and most 

simple organisms, such as the anueba, the foraminifora, &c but with reference 

to the latter class of movements, it may be at once remarked that th^ cannot be 
accounted for by physics, nor are they to be explained by any chemical changes 
occurring in the matter itself." The Physiological Anatomy and Physiology of Man, 
1866, p. 83. 

But the experiments recorded by W. Eiihne, and to these may be added those 
of which the results are here given, go far to shew that oxydation of the moving 
matter takes place in the protoplasm of the amaba as well as in the yelk of the 
egg during the existence of those movements, and* that it is an essential condition 
of them. 

This brief and imperfect reference to the literature of the question, to which the 
observations contained in this paper relate, will, it is hoped, add in some degree to 
their interest, and perhaps be of service to such physiologists as may not already have 
given special attention to the subject. 
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A reference to the figures 1, 2, 3, 4, will render a description of 
the normal contractions unnecessary. 

Poisons. A series of experiments was made, to ascertain the 
effect of poisonous substances on the contractions of the yelk in im* 
pregnated eggs of stickleback, with the following results. 

Dilute hydrocyanic acid, if very weak, did not in any perceptible 
d^ree alter the activity of the visible movements, but delayed the 
period of the commencement of cleavage. Stronger acid caused 
chemical changes of the substance of the yelk, and rupture of the 
inner sac. Atropia^ aconite, and strychnia had also no visible effect 
on the movements. Carbonic acid rapidly arrested the contractions 
and effaced the sulcus present at the moment of its action, leaving 
the yelk-ball globular and relaxed. Very soon after, the germinal 
disc was retracted into the substance of the food-yelk, and then 
slowly reprotmded in an irregular form^ after which it still more 
slowly became flattened, and the cleavage masses fused together into 
one formless mass (figs. 7> 8, 9, 10). Ultimately carbonic acid caused 
some chemical change in the matter of the formative and food-yelks, 
and rupture of the inner sac. The fusion of the cleavage masses 
took place before any evident chemical change appeared, and may 
be held to be evidence against the opinion entertained by some 
ol)8ervers that they have a membranous covering. After the first 
relaxation of the contraction, and the effacing of the sulcus on the 
surface of the food-yelk, no further changes of its form were seen; 
and the method by which the retraction of the germinal mass and 
its subsequent protrusion took place, was not made out 

I continued this enquiry on the eggs of the pike, both impreg- 
nated and unimpregnated, which equally well exhibit the rhythmic 
contractions of the yelk. Solutions of acetate or hydrochlorate of 
morphia^ and tincture of opium, had no effect on the movements, 
attributable to the narcotic constituents of opium, although slight 
indications of a retarding influence appeared, due to an excess of 
acetic acid in the first-named solution. Very weak solutions of am- 
monia did not influence the contraction ; stronger solutions, (2 p. o.) 
caused rupture of the inner sac. Very weak solution of chromic acid 
had no effect Weak alcoholic solution seemed to quicken the move- 
ments a little, certainly did not retard them. Tincture of cantharides 
acted similarly. Ether arrested the movements only when mixed 
by agitation with the water in sufficient proportion to cause opacity 
of the yelk. Chloroform applied in vapour rapidly arrested the 
rhythmic movements of the yelk, and then, after a time, fresh water 
being added, the contractions returned. This observation was made 
on eggs in which the embryo was somewhat advanced, and it was 
noticed that chloroform had a similar action upon the contractions 
d{ the striated muscles, and also on the movements of the heart, 
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'which was then a mass of cell-like corpuscles. Weak solution of 
potash destroyed the movement by causiag rupture of the inner 
sac without dissolving it afterwards. Very weak acetic acid made 
the contraction irregular, and interfered with the onward progress 
of the wave, but did not relax the yelk-ball or efface the sulcus; 
slightly stronger acid caused the yelk to coagulate. 

The general indifference to. poisonous agents shewn by this pro- 
toplasm may be due, in part, to the resistance presented by the inner 
sac to the passage of aqueous solutions; a fact shewn by other 
experiments. 

Galvanism. — ^To test the effect of galvanic excitation on the 
contractile substance of the eggs of the stickleback, I originally em- 
ployed very weak primary currents, but without success. Either no 
effect was produced, or, with stronger currents, the yelk was decom- 
posed without visible contraction being excited. By using weak, 
induced secondary currents, obtained from a machine capable of 
very nice graduation, different results were arrived at. Care was 
taken in these observations to bring the egg directly between the 
electrodes, touching them if possible, and appliances were used 
which enabled me to make and break contact without the slightest 
mechanical impulse being communicated to the cell, and without the 
necessity of removing the eye from the microscope. 

Very weak currents applied for two or three seconds caused dis- 
tinct peristaltic contractile waves, which were distinguishable from 
the normal ones by their greater depth, abruptness, rapidity of form- 
ation and progress, and by the unusual positions at which they 
began, as well as by the direction in which they travelled. Slightly 
stronger currents caused deep strongly-marked contractions, often 
followed, after a variable interval, by rupture of the inner sac, and 
.more or less complete emptying of its contents. Repeated appli- 
cation of the current caused several such ruptures in the same 
yelk, and contracted the whole to a very small lobular solid mass, 
from which even the oil drops were squeezed out (see the figs. 5, 6). 
The excited contractions were found to begin near to either elec- 
trode, or distant from both, and the sulcus produced was either con- 
tinuous with the line of the current, or at a variable angle to it 
The waves had no constant relation to the axis of the egg. . The 
weakest currents caused no electrolysis, and were slower in exciting 
the contractions. In all cases the tardiness of the reaction was such 
as to make it impossible to note any relation between the making 
or breaking contact and the commencement of contraction. Vevy 
strong currents were apt to cause prompt rupture with rapid contrac- 
tion, near to one or other electrode, with electrolysis of the matter 
of the yelk. Ova, in the stages before the contractions naturally 
begin, or after they have ceased, were also excited to similar oon- 
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tractions by similar currents. No part of the formative yelk or of 
the cleavage masses could be excited to visible contractions, but they 
were easily decomposed. 

These experiments were repeated upon the eggs of the pike with 
a like result 

Heat. I attempted to abstract heat and to restore the arrested 
contractions by galvanic currents. Some eggs in the stage of active 
contraction were cooled, imtil the thermometer placed on the cell 
stood at 32® F. They all became still and their yelks globular. They 
were not frozen; and I do not doubt that their temperature was 
higher than that indicated by the thermometer. They were then 
removed to the stage of the microscope and galvanized with the 
weakest currents, when very distinct contractions resulted. I had 
not, at that time, the means of maintaining objects on the(2/stage of 
the microscope at any required temperature, and the eggs must have 
been continually receiving heat from the body of the instrument, 
while I was applying the galvanic current This experiment is not^ 
therefore, so conclusive as I could have wished; but, as very little 
time was lost in the operation, and as the eggs were cooled below 
the temperature at which they cease to move, I have little doubt that 
in this experiment the galvanic current excited contractions in eggs 
which would have been, but for the current, perfectly motionless. 

In another observation I froze the water in which the eggs were 
placed, so that some of them were completely, and others incom- 
pletely frozen. The frozen eggs were all more or less opaque, and 
had their inner sacs ruptured, and emptied of yelk in various degrees, 
and their formative yelks lobulated and darkly granular. Those which 
were least frozen were slightly opalescent only, and when allowed 
to thaw, they contracted as before; ultimately, going on to cleave in 
an irregular manner ; the ruptures in their inner sacs having healed. 
Slighter reductions of temperature to 40^ 48*F., retarded without 
destroying the contractions. In such cases the commencement of 
cleavage was delayed. By raising the temperature moderately, the 
movements were accelerated; but at about 80® F. (it is difficult to 
speak with certainty of the temperature actually attained by the ob- 
ject) the contractions were arrested ; the yelk-ball becoming globular, 
and the oil-globules being scattered. Such eggs, however, soon 
recovered themselves when left at 58* F., and cleft in even less time 
than eggs did which had not been wanned. In other eggs, heated 
in a chamber at 102* F. the cleavage was retarded to three times 
the usual period, and when it took place was wanting in symmetry. 
The yelk began to become opalescent at about 103* F.; but a true 
coagulation of the albumen did not take place, the yelk being fluid, 
end opaque. 

Thus a temperature too low, or too much elevated, retards or 
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arrests the contractions; but they are not destroyed before commenc- 
ing physical and chemical changes set in. 

Influence of Oxygen in the Surrounding Medium on the 
Yelk Contractions. — I attempted to solve this question by placing 
eggs of the stickleback, while actively contractiag, in closed cells in 
water deprived of oxygen as far as possible; and comparing the further 
progress of such eggs with others in similar ceUs in oxygenated water, 
and with others in open vessels. I used cells of the same dimensions^ 
the same number of ova, and the same mode of sealing the cover in 
all the experiments, and found that the rhythmic yelk contractions 
and the ^cleavage went on just the same in aerated water, in boiled 
water, in boiled water saturated with hydrogen, and in water satu- 
rated with oxygen, during twenty hours; after which time the obeer- 
vations were not continued. While using ^th the number of recently 
hatched embryos in the same cells similarly sealed, I found the trunk 
of the embryo ceased to move in 10 minutes, and the heart in 70 
minutes, in boiled water; and in water boiled and saturated with 
hydrogen, the heart ceased in 55 minutes. 

So that it would seem, judging from these observations alone, 
that the rhythmic contractions and the cleavage are independent of 
the presence of oxygen in the surrounding medium. But as the 
method adopted did not exclude oxygen completely, and as the 
period during which the observations were continued was short, this 
conclusion is not warranted; and it is more correct to say that the 
rhythmic contractions and the cleavage consume proportionally much 
less oxygen than striated muscle or cellular contractile tissue. 

I pursued this question further in the Spring of the present year, 
using the eggs of the pike, which are better adapted for the purpose, 
being obtainable in greater numbers, and shewing the rhythmic con- 
tractions as well in the unimpregnated as in the impregnated state; 
thus enabling me to make experiments, separating the question of 
the cleavage movements from that of the yelk contractions. 

Being unable to procure water absolutely free from oxygen, 
(which is well known to be a difficult thing to effect, and to require 
prolonged ebullition in vacuo), I boiled distilled water with pounded 
glass until the bumping became dangerous to the containing vessel, 
and poured pure olive oil on the boiling surface ; hoping by this means 
to drive off the oxygen sufficiently, so as to render the water irre- 
spirable. 

By a simple contrivance I passed ova from the fish into the 
boiled water defended with oil, without previous contact with any 
oxygen carrier. As the boiled water, however, still contained some 
oxygen, I endeavoured to meet the difficulty by employing varying 
proportions of eggs to water, in order to note the relative duration of 
the contractions. 
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Four experiments were made with unimpregnated eggs, using 
1 to 10, 1 to 3, 1 to 1, and 2 to 1 parts of ova to the water; hut 
as it was found that only some of the eggs, viz. those which formed 
the surface layer, imbibed water and expanded, so as to permit free- 
dom of movement for the yelk-ball, no certain conclusion could be 
drawn from the proportional duration of the contractions. In the 
first three experiments the eggs of the upper layer continued to 
shew the rhythmic contractions for seventy-six hours, while those in 
the fourth experiment did not distinctly contract in consequence of 
the deficient supply of water. Compared however with eggs which, 
for the sake of control, were kept at the same time in an abundant 
supply of aerated water changed daily, a distinct result was obtained; 
as these continued to contract for 100 hours at least. Concurrently 
with the rhythmic yelk-contractions some changes of form took place 
in the formative yelk; that is, it concentrated as in impregnated eggs, 
and then became irregularly lobulated and divided on the surface into 
separate masses, which often became detached, terminating at length 
in a complete separation of the whole proligerous disc. This ' pseudo 
cleavage,' as it may be called, as well as the rhythmic contractions, 
was impeded in eggs in which the supply of water was deficient, and 
was seen to be most active in the eggs kept in aerated water. 

I may mention here that it is to this fissile contractility of the 
formative yelk that the formation of the so-called ''Bichtungs- 
Blaschen" seems to me to be attributable. 

A similar series of experiments was then attempted with impreg- 
nated eggs; but they failed in consequence of the difficulty of convey- 
ing the milt through the layer of oil. 

I therefore made a series of suffocative experiments on impreg- 
nated and unimpregnated eggs, using aerated distilled water in cells, 
all of the capacity of '05 cubic inch, sealing the covers with hot wax, 
and varying the number of eggs in each ceU. 

Five observations were made with unimpregnated eggs, having 
respectively 35, 30, 18, 9, and 7 eggs in a cell ; and although, in con- 
sequence of the accidental loosening of the wax and the entrance of 
a little bubble of air, the duration of the contractions was not in all 
cases inversely as the numbers of ova in the cells, yet the general 
result was that both the rhythmic contractions and the pseudo cleav- 
age continued longer in the cells containing the smaller number of 
ova ; the eggs which lay nearest to the air-bubble always being the 
last to cease to mova The accidental failure of the luting affording 
thus additional evidence of the importance of oxygen. In all the 
cells the contractions ceased in from 23 to 30 hours, or one-fourth of 
the time they continued in aerated water and unlimited space. Five 
similar observations were made on impregnated eggs with 48, 38, 
17, 10, and 7 eggs in each cell; with similar but more marked results; 
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the yelk contractions ceasing earlier than in the unimpregnated ova. 
The deavage was more rapidly checked than the pseudo cleayage, 
and still more so than the yelk contractions. Thus, in the experi- 
ments with 48 and 38 eggs in the cell, the germinal disc did not 
cleave into more than 16 masses^ a stage which corresponds to the 
7th or 8th hour after impregnation; while, in the experiments with 
10 and 7 eggs in the cell, the cleavage went on to the mulberry 
stage before it was arrested. 

It is interesting and instructive here to note,, that the cleavage 
masses, soon after the arrest of the process, commenced to undergo 
fusion, and presented an appearance of increased granularity and 
relaxation of the yelk-ball, very similar to the effects before men« 
tioned as following the action of carbonic acid. 

Experiments were made to detect in the water in which eggs had 
been contracting and cleaving some product of oxydation, but without 
any satisfactory result However, it was made out that an oiganic 
colloid passes into the water, and with it chlorides and phosphates, 
the latter in an extremely minute proportion. I could find no chemi- 
cal evidence of carbonic acid. 

Seven experiments were then made to ascertain the relative de- 
pendence upon the presence of oxygen of the movements which re- 
sult in cell-multiplication and differentiation, and of the muscular 
contractions of the embryo compared with the yelk contractions. 

Two healthy developing ova were sealed in similar cells at 76, 
101, 127, 150, and 174 hours each, after impregnation, and two firee 
embryos at 24 and 48 hours after hatching. Although the proportion 
of active organic matter to the medium was so very much less than 
in the previous experiments, with recently impregnated eggs, yet 
the process of development ceased in all in about 7 hours, and the 
yelk-contractions did not continue more than 18 hours. The move- 
ments of the heart continued about the same time; those of the 
trunk ceasing before the heart The embryos in the later stages of 
development more quickly ceased to move than those in the earlier. 

The inference is, I think, not to be resisted, that oxygen in the 
surrounding medium is an essential condition of the exercise of the 
property of rhythmic contractility possessed by the food-yelk, as well 
as of the fissile contractility of the formative yelk. But the quantity 
of oxygen consumed in these actions appears to be extremely mi- 
nute: is less in the rhythmic than in the fissile contractions, whether 
before or immediately after impregnation: less in both than in the 
cell-multiplication and differentiation going on in the later stages of 
embryonic growth, or during the action of striated muscle. It was 
not so certainly made out that the cellular heart consumed more 
oxygen than the food-yelk, but its position is exceptional iu relation 
to its own medium, which it tends ever to renew. 
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The dependence upon oxygen of the fissile contractions which 
result in cell-multiplication seems to be even more immediate than 
are the contractions of voluntary muscle, and the production of some 
product of oxydation which acts poisonously upon the contractions of 
the food-yelk, much in the manner of carbonic acid, is pointed to 
distinctly by the early cessation of those movements when in the 
presence of a small amoimt of growing tissue in a confined space. 

To this faculty possessed by the yelk of continuing its activity in a 
medium nearly deprived of oxygen is probably due the persistence 
of the rhythmic movements, in the midst of surrounding decompo- 
sition, a fact which was often noticed with some surprise. 



EXPLANATION OF THE FIGURES. 

N.B. All the Figures are taken from actiud oly'ects, but are diagrammatic. 

Figure 1. Ovum of Gasterostens about 20 minutes after impregnation, just 
before the rhythmic contractions begin. 

a. The dotted yelk sac. 

5. The micropyle^ surrounded by button-shaped processes. 

c. Food-yelk. 

d, Oil drops. 

A Firmer surfiice of food-yelk or inner sac. 

/. Breathing chamber or space between the yelk and yelk-sac, filled 

with water. 
ff. The formative yelk concentrated at the germinal pole, and called in 

impregnated ova, 'germinal disc.' 

Figure 2. Commencement of normal contractions, a sulcus beginning at one 
side. 

Figure 3. The sulcus extended all around, causing the dumb-bell form. 

Figure 4. The wave has travelled towards the germinal pole, and produced 
the fiask-shaped form. 

Figured. Commencement of a contraction excited by a feeble galvanic 
current. 

Figure 6. Two contractions present at once, and travelling at right angles 
to the normal ones. Excited by weak galvanic currents. 

Figure 7. An impregnated ovum just after the first cleft is completed, to 
shew the normal aspect 

Figure 8. The same a few minutes after the action of carbonic add. The 
germinal disc retracted. 

Figure 9. The same a little later. The germinal disc protruded, kregular 
in form* 

Figure 10. The same after a longer action of carbonic add. Shewing com- 
plete relaxation of the yelk-ball and fusion of the deavage masses. 



On the MUSCULUS STERNALIS. By Wm. Turner, M.B. (Lond) 

F.It.C.S.£.f F.B.S.1S. 

(Plate XII.) 

Anatomists have noticed the occasional occurrence in the human 
body of a muscle situated on the anterior aspect of the thorax, su- 
perficial to the great pectoral muscle. By various writers it has been 
called 'musculus stemalis/ or 'prestemalis/ or 'rectus stemalis/ or 
'stemalis brutorum/ or * thoracicus/ For several years I had seen 
occasional specimens of this muscle without keeping any record of 
their arrangement; but since the year 1858 I have preserved in my 
note-book a description, and had drawings made of the different ex- 
amples which have occurred in the subjects received for dissection in 
the anatomical rooms of the University of Edinburgh. In this com- 
munication I intend to give an account of the variations in form and 
arrangement which they assumed, and to conclude with some re- 
marks on the history of the muscle, and the opinions entertained 
respecting its morphology, which possess features of interest to the 
anatomist. 

The muscle was found in 21 of the 650 subjects dissected 
during the period over which the observations extended — that is, in 
about three per cent. — of these 7 were males, and 11 were females; 
but as in 3 the sex was not noted, the proportion may be nearly 
equal in the two sexes. Some were the bodies of powerful males, 
whilst in others the muscular system generally was but feebly de- 
veloped, so that no direct relation existed between its presence and 
the general muscularity of the individual. In 12 subjects the muscle 
was single, in 9 double, so that the number of specimens of the 
muscle amounted to 30. 

It varied in its inferior attachment (origin) in different individuals. 
In 12, Figs. 3, 4, 5, it was connected to the flattened tendon of the 
external oblique muscle of the abdomen, opposite the 5th and the 6th 
costal cartilages, where it formed the sheath of the rectus^ and in one 
of these it had an additional attachment to the side of the sternum 
close to the articulation of the 4th costal cartilage : in 6, to the carti- 
lages of the 5th and 6th ribs, close to the insertion of the rectus 
abdominis, Fig. 6, and in one of these it arose, in part, from the 
bony portion of the 6th rib, just outside the cartilage. Fig. 2 : in 
one, to the cartilage of the 7th rib, close to the attachment of the 
pectoralis major: in one, to the decussating fibres in front of the 

^ As the flattened tendon of the external oblique (aponeniosiB as it Ib commonly 
called) consists not only of the proper fibres of the tendon of the mosde, bat of the 
mnscolar sheath, the two being so intimately blended that no separation can be efifeoted, 
it may be a question for consideration whether this origin of the stemalis ought not 
rather to be referred to the latter than to the former. 
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lower end of the sternum and ziphoid cartilage : in one, whilst its 
origin was in great part ^erived from the flattened tendon of the 
external oblique, it possessed, in addition, attachments to the carti- 
lages of the 5th and 6th ribs, close to their sternal ends. 

The muscle also varied in its superior attachment (insertion). In 
3 individuals its tendon was connected to the anterior surface of the 
manubrium stemL In 8 it ended in and became continuous with 
the sternal heads of origin of one or both sterno-mastoid muscles. 
Figs. 4, 5, 6. In 2 it blended with the upper sternal fibres of the 
great pectoral close to their origin, Fig. 1. In 4 it ended partly in 
the sternal origin of the sterno-mastoid, and, partly, in front either 
of the manubrium or body of the sternum, Fig. 5 : in one, partly in 
the substance of the left great pectoral opposite the second rib, partly 
in front of the manubrium, and partly in the left sterno-mastoid : in 
one it was attached both to the front of the manubrium, and to the 
fibres of the great pectoral opposite the second and third costal car- 
tilages: in one — a single muscle — ^whilst its inner fibres joined by 
two rounded tendons the sternal tendon of the right sterno-mastoid, 
sending an o£bhoot to the manubrium, its outer fibres ended super- 
ficially in the upper part of the pectoral aponeurosis: and in ano- 
ther individual — a double muscle — ^the upper tendon on each side 
blended altogether with the aponeurosis covering the sternal and 
clavicular fibres of the pectoralis major, Fig. 3. 

As a rule the belly of each muscle was flat and ribbon-shaped; 
but many variations in length, breadth, and thickness, were met 
with. The broadest specimen was 1^ inch at its widest part, but ta- 
pered ofi^ more especially towards the upper extremity. The nar- 
rowest specimen was only ^th of an inch in its greatest transverse 
breadth. The tendon of origin was usually flat and expanded, more 
especially in those cases in which it arose from the sheath of the 
rectus. The tendon of insertion was usually rounded and slender. 
In most of the specimens the muscle was undivided; but in one it 
was slit up into two distinct bundles, and in 3 into three bundles. 
In those specimens in which the muscle had more than one origin 
the digitations remained distinct for a shoit distance before they 
united to form, the fleshy belly. 

. In the 12 individuals inwhom it occurred as a single muscle it 
was situated five times on the right side, twice on the left, whilst in 
the remaining five it arose on one side of the middle line, and then 
either crossed in front of the sternum to be inserted altogether on 
the opposite side, or was in part inserted on the side of origin, in 
part by fibres crossing to the opposite side in frx>nt of the middle 
line. 

In all the bodies in which the muscle was double, the expanded 
origins were distinct and separated from each other by the sternum ; 
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and in 3 the muscles pursued an independent course on each side to 
their insertion, whereas in 6 the tendons of insertion of each pair of 
muscles, sometimes expanded, sometimes rounded, blended with each, 
other opposite the manubrium, and in all the specimens, with two 
exceptions, they became continuous with the sternal origins of both 
sterno-mastoids. Usually the muscles on opposite sides of the same 
subjects were nearly equal in size. Figs. 3, 6; but in one case a con- 
siderable disparity existed, the right muscle beiug broad and well 
marked, and the left little more than a single fasciculus, Fig. 4. 

In the specimen in which the muscle arose &om the 5th and 6th 
left costal cartilage and the osseous part of the 6th rib, it pierced the 
great pectoral muscle on its way to the surface, Fig. 2. In two speci- 
mens some muscular fibres left the stemalis, and joined the great 
pectoral close to its sternal origin^ The extent to which the great 
pectoral muscle derived fibres of origin from the sternum varied very 
materially in the different subjects. In one, in which the stemalis 
was unilateral, the fasciculi of the two greater pectorals interdigitated 
in front of the sternum, Fig. 1: in one in which the stemalis was 
bilateral they scarcely reached the side of the sternum: in another, 
also with a bilateral stemalis, the pectorals only received sternal 
fibres of origin from the manubrium, and the cartilages of the true 
ribs below the first were uncovered by any muscle except the 
stemalis, Fig. 6. 

The relations of the muscle to the sternum varied in the differ- 
ent specimens. In the greater number it was situat^ed either alto- 
gether, or in part, in front of that bone, and was either in contact 
with, or separated from it, by the fibres of origin of the greater pec- 
torals. In a few cases it was placed, superficial to the pectoralis 
major, a little distance on one side of the sternum for the greater 
part of its extent, though in its course upwards it usually inclined 
inwards in front of that bone. 

The greater number of anatomists who have given an account of 
this muscle have done so from a single, or a limited number of spe- 
cimens, so that their descriptions, although perfectly accurate for the 
examples they had met with, have not sufficiently brought out either 
the variability which the muscle exhibits in its arrangement, or the 
comparative frequency of its occurrence. The special observations 
which I have made during the last eight years on more than six 
hundred individuals show that we may find this muscle present, in 
one or other of its forms, in at least three per cent, of the inhabit- 
ants of this country, so that we may always expect to see it in our 
dissecting rooms with a certain measure of regularity and frequency*. 

1 Prof. Wenzel Oruber {MSm, de VAcad, Imp. de St Piterthourgj Tome in, ISeO)^ 
who examined 95 sabjects, with the especial object of determining the freqneney oif 
qcctuxence of this and other superaumeraiy moBcleB, foond it present in 5, three timas 
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The great variability, both in the size and connections of the muscle 
and its not unfrequent want of symmetry, bear out the truth of the 
general statement, that occasional structures are especially liable to 
variations in arrangement, and indicate that it is a rudimentary 
structure; and it is obvious that it can have but little physiological 
value in the movements of the thoracic walL 



Hidory. Cabrolius {Anatomes denchus accuralissimua, Obs. 8, p. 96) 
in 1604 seems to have been the first anatomist who observed a longitudinal 
band-like muscle, situated beneath the skin and &t^ superficial to the 
stem am, bat the relations and connections of the stemalis muscle were not 
precisely described until 1726, when Du Puy (Histoire de VAcad. Royale 
des Silences, Amsterdam) gave an account of a well-marked example, 
which he had met with in its bilateral form. Shortly afterwards other 
specimens were observed by Weitbrecht (GommerU. Acad, Petrapolitance, 
1729, Vol. 4, p. 258), Albinus (Histaria Afuscularum, 1734, p. 291), De 
la Faye {Histoire de VAead. Roy. des Sciences^ 1736, p. 82), and Wilde 
{Cam. Acad, Fetnypd. Vol. 12, 1740, p. 320). In 1751 an important 
memoir on the subject by Kaau Boerhaave (Idem, 1751, p. 257) appeared, 
in which he not only gave an elaborate account of two very fine specimens, 
which he had seen, bat also described a case where the right rectus abdo- 
minis ascended beneath the pectoralis major as high as the third costal 
cartilage and rib. Basing his aceoont of the muscle on Boerhaave's 
description and figures, Sandifort (ExercUcUionea Academicoiy 1783, p. 82) 
called it Thoracicus, a name which has frequently been applied to it by 
subsequent writers. 

Portal (Letter from M. Juppin in Journal de Medeeiney Chirurgie et 
Pharmacies April, 1773, Vol. 39, p. 309, and Goure d'Anatomie Medicate, 
Vol 2, 1803) considered that the occasional existence of this muscle 
might serve to throw some light on a subject which at one time had 
excited much discussion amongst anatomists. Those who have directed 
attention to the history of anatomy will remember that a most keenly 
debated quention was, whether Galen had derived his knowledge of ana- 
tomy from the dissection of human bodies, or of those of the mammalia, 
more especially dogs and monkeya Vesalius (de Humani Corporis fabriod) 
in his great work on human anatomy supports the latter view, and 
adduces, as one of the arguments in favour of his opinion, that Galen 
described the rectus abdominis as extending to the upper part of the 
chest, which is the case in many of the mammalia, though not in man, 
an4 he even gives a figure (Plate v.) in illustration of Galen's description, 
in which he superadds to the human rectus that part, which, deficient in 
man, occurs in certain mammals. Portal and other modem defenders 
of Cktlen think that the human body, or bodies, he may have examined 
might have possessed a stemalis muscle in a well-marked form, which 
urould therefore have afibrded some reason for such a description of the 
rectus as Galen has given. 

Very different opinions have been held by anatomists of the morpho- 
logy of the sternalis muscle. By far the greater number hold that it is an 
upward prolongation of the rectus abdominis, though others regard it as a 
downward extension of the stemo-mastoid ; others, as an offshoot of the 
pa.uniculus camoeus, and the most recent writer on the subject considers 

on both sides, onoe on the right side, and onee on the left. The percentage stated 
in the ^xt, being drawn from the examination of a larger number of IndiTiduals, 
probably giyes a mor^ oorreot average. 
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and in 3 the muscles pursued an independent course on each side to 
their insertion, whereas in 6 the tendons ^f insertion of each pair of 
muscles, sometimes expanded, sometimes rounded, blended with each 
other opposite the manubrium, and in all the specimens, with two 
exceptions, they became continuous with the sternal origins of both 
stemo-mastoids. Usually the muscles on opposite sides of the same 
subjects were nearly equal in size. Figs. 3, 6; but in one case a con- 
siderable disparity existed, the right muscle being broad and well 
marked, and the left little more than a single fasciculus. Fig. 4. 

In the specimen in which the muscle arose from the 5th and 6th 
left costal cartilage and the osseous part of the 6th rib, it pierced the 
great pectoral muscle on its way to the surface, Fig. 2. In two speci- 
mens some muscular fibres left the sternalis, and joined the great 
pectoral close to its sternal origin. The extent to which the great 
pectoral muscle derived fibres of origin from the sternum varied veiy 
materially in the different subjects. In one, in which the sternalis 
was unilateral, the fasciculi of the two greater pectorals interdigitated 
in front of the sternum, Fig. 1 : in one in which the sternalis was 
bilateral they scarcely reached the side of the sternum: in another, 
also with a bilateral sternalis, the pectorals only received sternal 
fibres of origin from the manubrium, and the cartilages of the true 
ribs below the first were uncovered by any muscle exc^t the 
sternalis, Fig. 6. 

The relations of the muscle to the sternum varied in the difl. ^ 
ent specimens. In the greater number it was situated either : 
gether, or in part, in front of that bone, and was either in o 
with, or separated from it, by the fibres of origin of the grt 
toraJs. In a few cases it was placed, superficial to the 
major, a little distance on one side of the sternum for 
part of its extent, though in its course upwards it us 
inwards in front of that bone. 

The greater number of anatomists who have giv 
this muscle have done so from a single, or a limit* 
cimens, so that their descriptions, although perf<( 
examples they had met with, have not sufficient 
the variability which the muscle exhibits in i' 
comparative frequency of its occurrence. '! 
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that it is a muscle sm generia. It may not be without interest if we 
discuss those different opinions more in detail. 

Albinus seems to have been the first to indicate that this muscle wan 
to be regarded as connected with the rectus, and this conception of its 
anatomical position was strongly advocated by Portal Sommering {De 
Corp. Humani Fabricd, Vol. 3, 1796, p. 150), Sabatier {TraM iTAnaimUe, 
1798, Vol. 1, p. 353), Ganzer {Dissertatio AnatonUca mUMulorum wuidate»y 
Berlin, 1813), Otto (Seltene Beohachtungen, 181 6, p. 90), Meckel {Handbuch 
der menschlichen Anaiomie, Vol. 2, p. 465), M*Whinnie {Medi4ial Gazette^ 
1846X Budge {HmU und F/mfers ZeiUehrift, Vol. 7, 1859, p. 276), and the 
Editors of Quain's Anaiomy (7th edition, London, 1864, p. 243), all coin- 
cide in this view, and consequently apply to the muscle the name of rectus 
stemalis, or stemalis brutorum. 

But the connection of the stemalis muscle with the rectus abdo- 
minis, and its consequent homology with the anterior or pectoral end 
of the rectus, found in so many mammalia, seems to me to be more 
apparent than real. In none of the twenty-one subjects in which I 
found this muscle were its fibres directly continuous with the rectus, 
and in this respect my observations generally agree vith those of pre- 
ceding writers\ In a few cases indeed it arose from the cartilages of 
the lower true ribs into which the rectus was inserted; but in the 
greater number it took its origin from the flattened tendon of the ex- 
ternal oblique muscle of the abdomen, i. e. from a plane superficial to 
the rectus. Again, in none of my specimens were transverse tendinous 
intersections present, such as are so characteristic of the abdominal 
recti, and in the greater number of the recorded cases no mention of 
such structures is made. Portal and Hallett* have, however, each 
seen a case in which they existed, and Meckel states that they are 
occasionally present. But a yet stronger argument against the theory 
that it is an upward extension of the rectus is derived from its po- 
sition. For in all those mammals in which the rectus is prolonged 
far forward on the pectoral region, its anterior fibres lie deeper than 
the great pectoral muscle and in contact with the ribs, whilst the 
stemalis in man as constantly lies on the superficial aspect of the 
pectoralis major. Again, a muscle has occasionally been seen in the 
human body, which, differing in its position from the stemalis, is 
undoubtedly to be regarded as homologous with the anterior fibres 
of the rectus. Boerhaave first described this muscle, which was di- 
rectly continuous with the upper fibres of the right rectus, and was 
prolonged upwards behind the greater pectoral muscle as far as the 
junction of the bony and cartilaginous parts of the third rib. Portal 
would also seem to have seen two or three times a muscle continuous 

^ Bourienne, Journal de MSdecine, Chinirgiet ^t Pharmacies Jannaxy 1773, 
Tol. 89, p. 45, 18 the only anatomist who has described the fibres of the reotns and 
stemalis as blending with each other, and as his case is amongst the earliest specimeiu 
recorded, the dissection may not have been made with critical exactness. 

' Edinburgh Medical and Surgical Journal, Vol. 69, p. II, 1848. 
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with the rectus extending as high as the second rib'. This muscle 
has by some writers been confounded with the stemalis; but it is 
obviously quite distinct from it, and may, as Halbertsma* has indeed 
suggested, very appropriately be named musculus aocessorius ad 
rectum. 

Bourienne {op, dt) many years ago contended that the stemalis 
muscle ia a prolongation downwards of the sterno-mastoid, and both 
Theile' and Henle* are evidently of the same opinion. Undoubtedly 
the stemalis at its upper end is not unirequently continuous with the 
sternal tendon of origin of that muscle. In thirteen of my twenty- 
one cases it was, more or less, completely blended with it, and 
similar results have been obtained by other anatomists. In many 
mammals aJso the attachments of the stemo-mastoids are continued 
backwards for some distance on the front of the sternum supei-ficial 
to the great pectoral muscles. In the armadillo, the beaver, and the 
echidna, this arrangement is very well marked ; but I am not aware 
of any mammal in which they reach the flattened tendon of the ex- 
ternal oblique, or become continuous with the rectus abdominis. 
For in those animals in which the stemo-mastoids are prolonged 
backwards, superficial to the great pectoral muscles, the recti are also 
continued forwards, but in relation to their deeper aspects, so that 
these muscles are separated from each other by the thickness of the 
greater pectoralis. Hence the opinion entertained by Meckel, that 
the stemalis was an animal form which connected together the 
stemo-mastoids and recti, and which gave to the muscles of the 
ventral surface a longitudinal arrangement uniform with those on its 
dorsal aspect, is not supported by comparative anatomy'. 

Wilde (ap, cit), in the remarks which he makes on a specimen 
of the stemalis muscle, states that it is difficult to say whether it is 
to be referred to the platysma myoides or represents another muscle ; 
and Hallett (op. cit p. 28) obseiTes, that if it is traced through its 
various grades of size, it will be seen to belong to the same class of 
muscles as the platysma, and is consequently a development of the 
great skin muscle. Many arguments may be advanced in favour of 
this conception of the morphology of the muscle. Thus it is well 

^ I think that the mueole figured by Mr John Wood {Proc, Roy, So$. London, 
June 15, 1865, Fig. Id), and described by him as a gupra-oostal muscle, is, frota its 
position and the direction of its fibres, probably to be regarded as homologous with the 
pectoral end of the mammalian rectus, though it must be admitted that it is not 
continuous with the abdominal part of the muscle. 

* Muteulus Thoracicus, Verslagen en Mededeelingen der Koninklyke Akademie van 
Wetemehappen, p. 164, 1861, Amsterdam. 

* TraiU de Myologie, p. 185, 1843. * Muskellekre, p. 96, 1868. 

^ In the frog in which the abdominal recti are prolonged far forward these mus- 
cl^s become continuous with the stemo-hyoids, but not with the stemo-mastoid^ 
muscles. 
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known that the platysma in man may be traced downwards over the 
clavicle; and in muscular subjects I have not unfrequently seen it 
descend for three or four inches superficial to the fibres of the pec* 
toraUs major. Again, though the platysma and palmaris brevis are 
by many considered to be the only representatives in man of the 
great panniculus of most mammalia, yet one occasionally finds in 
other parts of the human body isolated and somewhat fragmentaiy 
rudiments, and in the note below several examples which I have met 
with are described^ Teichmann* also has seen a case (of especial 
interest in connection with those specimens of the stemalis which 
pass superficial to the sternum from one side to the other), in which 
the human platysma crossed in front of the sternum, decussating 
with its fellow, and descended to the third costal cartilage of the 
opposite side. The variations in connection and size which the ster- 
nalis muscle exhibits also show its afiinities to the great skin muscle 
of the mammalia, and in the occasional attachment of one end of the 
muscle at a deeper plane than the other, especially where the more 
superficial tendon is blended with the aponeurosis of the pectoralis 
major, it presents another point of resemblanca Again, in those 
mammalia which possess great mobility of the skin, such as the 

* Without taking into consideration the musoles of expression, the extrinsio and 
intrinsic mnsoles of the anricle and the occipito frontalis, all of which act on the 
integoment, and may therefore fairly be enumerated amongst the ontaneoos masdes, 
I may direct attention to the following rudimentaiy muscles, which I have fomid in 
tiie hmnan body, and which from their superficial position are evidently to be referred 
to the panniculus camosus. 

Ist. Anatomists are well acquainted with the occasional presence of a musculo* 
tendinous band proceeding from the latissimus dorsi, and crossing in front of the 
axillary vessels and nerves, to end either in the aponeurosis of the arm covering the 
upper part of the coraoo-braohialls muscle, or in the insertion tendon of the great 
pectond. This additional structure has not unfrequently associated with it thin and 
perhaps scattered muscular fasciculi, which arise from the fasci<e in the neighbourhood 
of the axilla. In a male subject I saw on both sides well-marked red fasdenli aziae 
from the pectoral aponeurosis, turn round the axillary border of the pectoralis major, 
and become continuous with the additional slip from the latissimus. In another male 
subject the additional slip on the right side received a number of scattered muscular 
fasciculi, which arose from the superficial aspect of the fascia covering the serratoa 
magnus, and along with these were other fasciculi, which were attached to the fascia 
forming the floor of the axilla. 

2nd. On both sides of a female subject a thin layer of muscular fibres arose super- 
ficial to the fascia covering the inira-spinatus muscle, close to the posterior border 
of the scapula, and joined the lower margin of the trapezius near to the spine of 
the scapula. 

Srd. On the left side of a male subject a thin muscle half an inch broad arose 
from the fascia over the acromion: it passed backwards and ended in the trapesias 
opposite the spine of the first dorsal vertebra. 

4th. On both sides of a female subject muscular fibres arose superficial to the 
aponeurosis covering the glutaeus medius. The origin was broad and extended down- 
wards towards the ilio-tibial band of the fascia lata. The fibroa ascended, crosaed 
over the iliac crest, and blended with the external obliq^ muscle of the abdomen. 

• Henle, MtukeUehre, p. 108. 
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hedge-hog and the echidna, the panniculus is not only well developed 
on *the dorsal and lateral, but also on the ventral surface of the 
body. In arctomys alpina, mus decumanus and mus campensis^ a 
well marked process of the panniculus passes backwards on the su- 
perficial aspect of the pectoralis major, and approximates therefore 
in its arrangement to the stemalis. 

The late Professor Halbertsma (op. cit), the most recent writer 
who has discussed the position of the stemalis muscle, regarded it 
as a muscle sui generis — one peculiar to man and having no animal 
representative. Undoubtedly there is no animal in which a muscle 
exists possessing such connections as the largest and best marked 
forms of the stemalis exhibit; but for the reasons which have been 
just given, I am inclined to think that it approaches so closely in 
many of its characters to the panniculosus camosus, that it may 
perhaps be regarded as an additional mdiment in man of that very 
important tegumentary muscle, though it must be admitted that the 
human platysma lies on a plane superficial to the fibres of the ster- 
nalis in those individuals in whom they co-exist. 

2 CaTier and IituriUard, Myologie C4mp. PL 909, e.6. 



EXPLANATION OF PLATE XH. 

^. L A slender right stomalis mosde arising from the decnflsaUng tendi- 
nous fibres in front of the lower end of the stemnm, inserted into the front of the 
mannbrinm and joining by a'ronnded slip the upper fibres of the pectoralis migor. 

Fig. 2. A stemalis mnsde arising from 6th and 6th left costal cartilages and 
6th rib. It paned obliquely upwards and inwards across the front of the sternum 
to be inserted into the strong fibrous aponeurosis oyer the right pectoralis migor, 
opposite the 2nd right costal cartilage. 

Fig. 3. Double stemalis musde arising from 6th and 6th costal cartilages 
inserted into aponeurosis coyering greater pectoral musdes. 

Fig. 4. Double stemalis, right much larger than left, extended from aponeuro- 
sis coyering rectos to right stemo-mastoid, whilst left was inserted into aponeuro- 
sis coyering manubrium stemi. 

Fig. 6. Right stemalis UKude arising from aponeorosis coyering rectus, sub- 
diTided into yarioos bundles, the external of which ascended to the stemo-mastoid, 
the internal into manubrium dose to stomal fibres of origin of left pectoralis 
sugor. 

Fig. 6. Double stemalis arising from cartilages of 6th and 6th ribs, inserted 
mostly into tendons of two stemo-mastoids, some fibres from the left muscle were 
attached to the manubrium stemi Btemal origins of both greater pectoral 
miucles yeiy defectiya 
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ON SOME POINTS IN THE ANATOMY OF THE CHIM- 
PANZEE. By Pbofessor Humphry, F.RS, 

(Plate XIII.) 

The following observations, intended as an addition to the large 
amount of information we already derive respecting this animal from 
the researches of other anatomists, are the result of opportunities 
lately afforded me of dissecting a male and a female Chimpanzee 
which died in the Zoological Gardens, Regent's Park. They refer 
chiefly to the differences in the hinder or lower limbs from the cor- 
responding parts in man\ 

In the HIP-JOINT, the only points of importance that I observed 
were. First, that the acetabulum was rather shallow, and the cotyloid 
ligament did not embrace so much of the head of the femur as in 
man. Secondly, the head of the femur formed a smaller part of a 
sphere, and it overhung, in a marked manner, or projected in front 
of, the fore part of the neck, which was much constricted near the 
head. This feature is common in quadrumana. Whereas, in man, 
the fore part of the neck of the femur is comparatively thicker, and, 
in front, is broad, and nearly on a level with the articular surface of 
the head on the one side, and the trochanter on the other. This 
difference — ^this strengthening of the fore part of the neck of the 
femur in man — ^has relation to the mode in which the weight is 
received upon it as the body is carried forwards in walking. The 
relative length of the neck and the angle it forms with the shaft are 
about the same as in man. Thirdly, the anterior 'intertrochanteric 
line' was scarcely distinguishable. The presence of thw as a bold, 
rough line, descending from the fore part of the great trochanter, in 
front of the lesser trochanter, seems to be almost peculiar to man. 
It gives attachment to the strong anterior ligament of the hip (the 
thickest and strongest ligamentous mass in the human body) which 
becomes tense in the extended or erect position, and which, by pre- 
venting the pelvis and trunk from rolling backwards upon the thigh, 
contributes so much security and ease to that position; see my trea- 
tise on the Skeleton, p. 514. 

The round ligament was strong. It is curious that this ligament 
should be absent in the Orang, though present in most other Apes. 
I judged, though I could not be sure of this, that it came into play, 
as it does in man (see my treatise on the Human Skeleton, p. 519), 
in the slightly bent position of the joint The disposition of the 
muscles about the hip was much as in man. 

» Both the animals were young, that is to say, the epiphyses were not aniylosed in 
either. The female was 25) inches long and weighed 8 Ihs. 2) oz. The male was 
86 inches long; it was skinned when it arrived. The descriptions are chiefly taken 
from the latter, those of the joints, the larynx, tongae, and bladder, exdusiTely so. 
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In the KNEE of man, as is well known, the outer condyle of the 
femur is remarkably elongated from behind forwards, and is broad 
and comparatively flat upon the under surface, though sharply curved 
behind (these features are not so well marked in the inner condyle, 
which bears less weight than the outer). Moreover the lateral liga- 
ments are attached much nearer to the hinder than to the anterior 
surface, about one-third from the former and two-thirds from the 
latter (as indicated by the difference between the lines db and ae, 
PL XIII. fig. 4). Hence, when the leg is brought to the extended 
position, and the tibia is beneath the broad flat surface of the con* 
dyle, the ligaments are quite tight, and the joint is locked tightly 
and securely. This arrangement, which contributes most materially 
to our stability in the erect posture, is quite wanting in the Chim- 
panzee. In this animal the outer condyle, as may be seen from the 
diagram of a vertical section &om behind forward through it (fig. 5) 
and the drawing (fig. 6), forms simply a segment, and a considerable 
segment, of a circle at, or about, the centre of which (fig. 5 a) is the 
attachment of the lateral ligament It follows, therefore, that nei- 
ther the shape of the surface upon which the tibia moves, nor the 
point of attachment of the ligament, offer any restraint to the ex- 
tension of the knee, or provide any greater fixity to the joint in one 
position than in others. This is a veiy remarkable feature showing, 
perhaps, more strikingly than any other, the unfitness of the animal 
to maintain the erect posture (even if it could attain it) for any 
continuance, or with any thing like the stability with which man is 
enabled to do so. 

Secondlyy in Man, the co-aptation of the articular surfaces and 
of the ligaments is such that they are aU — the two lateral, the two 
crucial, and the posterior — quite tight in the extended position, so 
as to give the greatest possible strength to the joint in that position. 
Hence the division of any one of the ligaments in the dissected knee 
produces no appreciable effect upon the limit to extension. Indeed 
they may be divided in succession; and not till they have all been 
cut can the leg be carried forwards beyond the point of ordinary full 
extension. They all permit the movement up to this point; and all 
resist it beyond this point. In the Chimpanzee, on the contrary, I 
found the posterior ligament became tense first. When this was di- 
vided, a little further extension was practicable; and the posterior 
crucial ligament then became tight. A division of it allowed still fur- 
ther extension, till the anterior crucial ligament was tight; and upon 
the division of it the tibia could be carried quite forwards upon the 
femur, that is, the knee could be bent backwards without any hin- 
drance from the lateral ligaments. The latter therefore have no 
real effect in limiting extension. 

This difference in the effect of the ligaments in Man and the 

18—2 
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Chimpanzee depends much upon the difference in shape of the <»n- 
dyle of the femur just alluded to; but it depends also upon the 
greater laxity of the ligaments in the Chimpanzee. 

A ihird feature of difference resulting from these conditions is 
the greater freedom of rotation of the leg upon the thigh — ^the move- 
ment corresponding with pronation and supination in the upper 
limb. In Man there is no movement of this kind whatever in the 
extended or straight position. Whereas in the Chimpanzee it may 
be effected to some extent when the limb is straight; and in that 
slightly bent position, which is probably the extreme degree of ex- 
tension that the animal can attain, the movement of pronation and 
supination is very free. 

I say in that slightly bent position which is probably the ex- 
treme degree of extension which the animal can attain, because I 
found that the muscles did not admit of the knee being extended to 
a straight line without violence. The resistance was presented not 
a little by the semitendinosus descending to a low region of the tibia 
and sending off an expansion to the fascia of the leg\ 

The Ligamervtum mttcasum was strong and deep, indeed was con- 
tinuous in the middle line with the synovial and areolar tissue in 
front of the anterior crucial ligament, so forming a complete septum 
extending between that ligament and the synovial membrane beneath 
the patella^ and dividing the tibial part of the joint into two lateral 
compartments. The Ligamenta alaria formed crescentic bands arch- 
ing from the upper part of the ligamentum mucosum and extending 
round across the front of the condyles, one on either side, so as 
nearly to meet in the middle. They thus partially separated the an- 
terior, or patellar, from the posterior, or tibial, region of the joint, 
and encircled a wide foramen by which the communication between 
the two was established. The amplification and disposition of these 
ligaments, corresponding with their condition in lower animals and 
contrasting with thefr rudimentary nature in man, I need scarcely 
say, is to be associated with the incomplete extension of the joint 
in the ape. 

It may be observed that the inferior surface of the two condyles is 
on nearly the same level when the thigh-bone is held vertically. In 
other words, the femur does not incline outwards from the knee to 
the hip as it does in man. Associated with this (see my treatise on 
the Human Skeleton, p. 482) is a want of projection of the anterior 
margin of the outer condyle. 

In the ANKLE (figs. 1 and 2) the upper articular surface of the 
astragalus is less broad, flat, and square, than in man; the nar- 

' The SemiTMmbranotus had no coxmection with the fascia, hut passed at some 
distance above it to its insertion. The Gracilis^ as osnal in monkeys, was Teiy laziB^ 
and attached half way down the inside of the tibia. 



ON THE CHDIPANZEEL 257 

rowing behind is more marked, and also the rising of the outer 
mai^n. The outer articular surface — ^that for the fibula — ^is larger 
and curved outwards at the lower part so as to subtend the lower 
end of the fibula^ indicating that a greater proportion of weight is 
transmiiited in that direction along the outer edge of the foot. 

The hinder articular surface for the os calcis is very concave and 
oblique, receiving the correspondingly convex surface of the os calcis. 
Both are less flat than in man, and, therefore, like the ankle-joint, 
formed rather for movement than for endurance of weight* The 
head of the astragalus, projected upon its long neck, is almost sphe- 
rical, and is lodged in the deep cup formed by the scaphoid, the os 
calcis^ and the calcaneo-scaphoid ligament. Very free rotation of the 
foot takes place on this bone upon an axis passing from behind, for- 
wards, inwards, and downwards, through the centre of the segment 
of the circle described by the articular surface of the os calcis and 
the centre of the head of the astragalus. The os calcis, as has been 
described by others, is small and terminates posteriorly, beneath, in 
one rounded sur£EK» instead of the broad bitubercular surface by 
which the heel of man rests upon the ground. Hence it inclines, or 
rolls, easily on to the outer side. It is moreover placed more ex- 
ternally than in man, a vertical plane from before backwards through 
its bearing point and through its middle coinciding with the fibula 
and with the ring toe; whereas in man such a plane coincides with 
the outer part of the tibia and the middle toe. In man such a plane 
(and it is the plane of gravity when we stand on one foot, and is 
represented by the line a, 6, in fig. 3) bisects the ankle-joint and the 
posterior joint between the astragalus and the os calcis, dividing the 
respective articular surfaces into nearly equal lateral parts; whereas 
in the chimpanzee such a plane (a, h, fig. 2), cutting the fore part of 
the superior external prominent margin of the astragalus, has the 
whole of the oblique superior surface for articulation with the tibia 
and great part of that for the fibula on its inner side, as well as 
nearly the whole of the posterior joint between the astragalus and 
OS calcis. This difference of the relation of the heel-bone to the 
ankle-joint is most important, inasmuch as the bone is thereby 
thrown out of the plane of gravity, its value as a basis of support 
is materially lessened, and it is reduced in great measure, like its 
correspondent in the lower mammals and like its homotype, the pisi- 
form in the wrist, to a lever for muscles. To compensate for this 
position, the process which bears the anterior articular surface for the 
astragalus is produced inwards more than in man, is larger, receives 
a greater share of the weight, and, resting upon the ground in close 
union with the scaphoid bone and the calaneo-scaphoid ligament, 
transmits th^ weight directly to the ground. Moreover, the posterior 
surface for the astragalus, instead of being horizontal or with a slight 
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inclination bntwards^ is veiy oblique, slanting markedly downwards 
and inwards. 

In man the weight received from the tibia (but little from the 
fibula) by the broad horizontal surface of the astragalus, is (one half 
in some. positions, the whole in others) transmitted, backwards and 
downwards, through the posterior joint with the os calcis and through 
the heel-bone, the middle of all these being in the plane of gravity or 
nearly so ; and the muscles pulling upon the tendo achiUis operate in 
the reverse direction, through the same plane, in raising the heel and 
driving the body onwards. In the chimpanzee, however, these joints 
being oblique and in a plane internal to the projection of the heel- 
bone, very little weight is transmitted through the latter. It is 
chiefly transmitted in an almost directly vertical line to the ground ; 
and the action of the calf-muscles upon the foot is oblique and un- 
favourable for raising weight or propelling the body. K, however, 
the foot be rotated so that the sole is turned inwards, then the pro- 
jection of the heel is brought more in a line with the middle of the 
ankle-joint; and this is probably a chief reason for the outer edge of 
the foot coming first to the ground in these animals, as also for the 
sole being usually turned inwards when they are at rest. 

The scaphoid bone is very shallow and curved, also large, thick, 
and produced internally. This part, with the calcaneo-scaphoid lig^ 
ment, rests upon the gi'ound, there being no plantar arch, and so trans- 
mits the weight directly to the ground instead of transmitting it along 
the metatarsal bone of the hallux, which, from its loose connection 
with the instep, is ill fitted to receive weight. 

The internal cuneiform is relatively larger and of more square or 
parallelogram shape than in man, is situated lower, and projects more 
towards the sole so as to carry the hallux on a much lower level than 
are the other digits. Indeed the dorsal surface of the metatarsal 
bone of the hallux is a Uttle below the level of the plantar surface of 
the other metatarsals. The anterior articular surface of the cunei- 
form bone is of a roller, or half cylinder, shape, with its axis directed 
downwards and a little backwards*; and in this direction the surface 
is nearly straight. In the transverse direction (from within outwards) 
it is sharply and uniformly convex. The cartilage is continued fiir- 
ther upon the inner or tibial, than upon the outer side; it is slightly 
notched, contracting the width of the surface, in the latter direction. 
The only approach to the saddle-back form is caused by a slight ele- 
vation, or projection inwards, of the lower margin of the articular 
surface formiug a 'stop' which prevents the metatarsal bone from 
being dragged from its position by the tibialis anticus, peroneus, and 
other muscles, and so enables those muscles to act more efficiently in 

^ Tbifl is weU represented and desoiibed by Luoae, Die Ebuid nnd det Fvtaa^AbkandU 
d, Senehenb naiurf, Ge$elUch. Bd. v. Taf . zzxvn. fig. 8. 
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indiiung the hallux outwards and inwards. The articular surface of 
the metatarsal hone is concave and exactly adapted to it. 

The position, direction and shape of this articular surface of the 
internal cuneiform bone is very important as determining the position 
and movements of the hallux. Being below the level of the articular 
surfaces of the other cuneiform bones it carries the hallux, as just 
stated, on a different plane from the other toes; and the plantar 
aspect of the hallux is directed, not like that of the other toes, 
downwards towards the sole, but outwards. The slightly oblique 
direction of the surface gives the hallux an oblique inclination away 
from the other toes; and the oblong transversely convex shape of the 
surface permits the movements of the hallux, though free, to be in 
one direction only, viz. in a plane at right angles to the long axis of 
the surface, that is, inwards (away from the other toes) and slightly 
downwards, and outwards (towards the other toes) and slightly 
upwards. In the latter movement it is carried quite athwart the 
toes so as to permit a body to be freely and powerfully grasped 
between it and them. In short, the mobility of the hallux in the 
Chimpanzee is attained by an arrangement of parts similar to that 
which we find provided for the movements of the pollex in the same 
animal and in Man. 

Now, in^ the human foot, although the articular surfaces of the 
internal cuneiform and the metatarsal bone are shaped after the 
manner of those in the chimpanzee, they are more flat, permitting 
less revolving of the hallux upon the tarsus ; and any such movement 
is greatly restricted or almost prevented, firsts by the fact that the 
hallux is carried on the same level with the other digits and has the 
same direction with them, so that any movement outwards is 
impossible; and secondly ^ its head is bound to them by a strong 
transverse ligament (absent in the ape) which prevents any move- 
ment inwards. There is, therefore, practically, only a slight sliding 
of the metatarsal bone upon the tarsus just sufficient to give elas- 
ticity and prevent jars; and this bone, slanting downwards and 
forwards from the tarsus, forms the main support. of the instep, and 
is the main agent in bearing weight and giving boldness to the step 
as we pass from one foot to the other in walking \ 

The articular surfaces of the heads of the metatarsal bones are less 
prolonged upon the dorsum in the chimpanzee than in man, which 
has relation to the manner in which the toes are bent upwards during 
the completion of the step in Man, a process which can be scarcely 

^ The morement of the great toe, whioh is aoqnired by some persons enabling them 
to hold Bobetanoes between it and the other toes, consists of a lateral movement of the 
phalanges upon the metatarsus, corresponding with that which we can, to a greater or 
less extent, e£Fect in all the fingers. It is therefore quite different from that of the 
metatarsal bone of the haUux apon the tarsus in the ape, and should not be compared 
with it as though it were at all homologous. 
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said to take place in the Ape. In this animal there is more power of 
flexing the digits towards the sole. 

Are the peculiarities of the distal part of the hind limb in this 
and other members of the tribe sufficient, as they have been held to 
be by the older anatomists and by Blumenbach, Cuvier and Owen, 
to justify us in calling it a hand, and to warrant the application of the 
term 'quadrumanous' to these animals as distinguishing them from 
the 'bimanous' homo. Or is the hand-like character of the part» 
as maintained by Huxley, rather a superficial feature which is not 
corroborated by closer examination of the structure and, therefore, 
not to be used as a ground for scientific classification. 

Our feeling with regard to this will, of course, depend upon what 
we mean by a 'hand' as distinguished from a 'foot'. If we take the 
human hand and the human foot as the standards for comparison, 
and require a similarity to the carpus and to the muscles, as well as 
to the digits of the human hand, in order to constitute a hand, there 
can be no question that the hinder extremity of the Ape does not 
fulfil the requirement The tarsus and the digital musdes clearly 
resemble those of the human foot; and, in accordance with this 
mode of arriving at a decision, the part must be called a ' foot'. 

But another view may be taken, which I suppose was the view 
of the older anatomists, though I am not aware that jrt has been 
explicitly stated by them, viz. that the part may be regarded as 
a hand, whether it be upon the hind limb or the fore limb, which 
presents a modification coiTesponding with that of the human hand 
as compared with the fore foot of other animals. 

Now the features which distinguish a hand from a fore loot — ^take 
the fore foot of a Bear, a Dog or an Elephant — the characteristics, 
that is, of Uie hand do not consist in any special peculiarities, in the 
carpus or in the muscles — the arrangement of these is much the 
same in all — ^but in the elongation of the phalanges of the digits 
and in the shortness, mobility and the opposeableness of the poUex. 
This modification changes the part from a 'irov^* or 'goer' into a 
'X^V' or 'holder'*. There is no need for an addition, scarcely even 
for an alteration, of a muscle ; and the change in thq bones is merely 
one of proportion as regards the digits, and of position of the tra- 
pezium and articulation cf the metacarpal as regards the pollex. 

In estimating, accordingly, the corresponding modification of the 
hind limb that is required to constitute a hand, we must not look for 
an alteration in the tarsal bones or in the muscles; these will pro- 
bably retain the features which they usually present in this member, 
and which are different from those in the fore limb. The relatively 
larger size of the tarsal bones and the elevation of the astragalus 

^ voi/f is probably from the Sansorit pad, to go^ and xei/> with alfitw, I grip, from hzi, 
to hold. 



ON THE CHIMPANZEEL 261 

above its compeers to furnish the articulating sur&ce for the leg- 
bones will probably remain as usual; and the muscles may preserve 
their ordinary disposition. The short flexor and extensor of the toes^ 
the peronaeus longus and the union of the flexor- tendons of the 
hallux and of the other toes, may or may not be found. These are 
features, not especially of the ha/nd or of the foot, but of the hinder 
UrnbK What we shall expect to find will be a relative lengthening 
of the digits and a shortness, a mobility, and an opposeableness of 
the hallux. 

The molality of the hallux in the chimpanzee and its opposeable* 
ness have been sufficiently noted; and the mode in which these are 
brought about have been shown to be the same as in the case of the 
poUex. The shortness of the hallux and the lengthening of the digits 
are quite obvious. The proportions of these parts in the Chim- 
panzee as compared with Man were found to be as follows in two 
specimens measured. 

Chimpanzee. Man. 
From tip of heel to tip of toes inches 66 d'5 

„ length of phalanges „ 2*3 20 

y, length of pollex with its meta- 
tarsal bone y, 3*0 4*6 

J, length of second digit „ 4?*2 4*7 

Thus, it appears that in the chimpanzee the phalanges constitute 
more than one third, and in man, less than one quarter of the length 
of the part; the hallux in the chimpanzee is one third less than 
the other digits; whereas in man it is equal to them. 

Taking, therefore, this view of the matter, and finding that the 
modification of the terminal part of the hind limb in the chimpanzee 
so clearly corresponds with that of the fore limb, we can hardly refuse 
to the one the appellation that we give to the other. If we call this 
a hand because its pollex is opposeable and its digits long, we have 
precisely the same reason for calling that a hand also; and the 
application of the term 'quadrumanous' to the animal is thus 
justified by real anatomy as well as by external configuration. There 
is, I think, clearly no sufficient anatomical objection to it. 

It may, however, be urged that in neither of the limbs of the Ape 
is the office of the 'irov^* lost or the full functions of the *x^V* 
assumed, that though both are 'holders' they are also 'goers', indeed, 
that they are holders chiefly for the purpose of going and aiding 
the movements among the boughs of trees which are the habitat of 

2 They are not all neoesBary oonditions eyen of it. Both the short flexor and tha 
short extensor were wanting in the Echidna Hjstrix dissected by Hr Mivart. In a 
aabject in our dissecting-room this winter a short extensor was fonnd in each hand, 
arising from the lower margin of the radius and attached to the extensor tendons of the 
middle finger. 
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the animaJL and that it would be better to indicate this by a term 
signifying neither hand nor foot^ but a compromise between the two. 
Such a suitable term has been found in the word 'chiro]pod'; and 
the leaning of Zoologists seems to be in favour of it. 

Whichever term is used it must not be forgotten that the 
configuration upon which it is based is not peculiar to the monkeys, 
but is common to them with some other tree-roving animals, such as 
Iguanas and Opossums. 

And, for that is, after all, the important point, let not any altera- 
tion of nomenclature lead us to underestimate the vast teleological 
importance of the anatomical differences between the foot of man 
and the terminal part of the hinder limb of the ape. The size and 
mobility and direction of a toe may seem little matters; but incal- 
culable sequences — ^the greatest that man can even now dream of — 
are involved with them. The size and straightness and fixity of the 
hallux, associated with the flatness of the fempral condyle already 
alluded to, give the bipedal and bimanous character to man. By 
enabling the lower limbs to do the whole work of bearing and carrying 
the body firmly, steadily and with agility, they set free the hand to 
be the minister and the promoter of intelligence; and we thus re- 
cognise in the large and firmly planted hallux the foundation stone of 
that structure which is the. only fitting tenement of thought and 
responsibility, the only physical agent which can be supposed to have 
relation to eternal destiny. 

I make this allusion to high function because I feel that if we 
divest anatomical science of teleological relationships we rob it of 
more than half its interest and of more than half its benefit as a 
subject of study — we, as it were, take the spirit out of the body. In 
comparing the limb of a Man with that of an Ape I cannot, and I 
would not, forget the high fimctions of the body of which it is a 
component. The so doing would be no gain to anatomy, but much 
loss to physiology. The interest of our stud/ is so much increased 
if we find that great results follow slight apparent causes. If the 
rise of functional and psychical qualities in the human body is 
seemingly disproportionate to the physical differences between it and 
the body of the ape, it gives a higher meaning to those physical 
differences and sets a higher value upon the physical study ; and, surely, 
in no part of its range does physical study reach so high as in the 
contemplation of those specialities of man's body with which the 
power of carrying out that and all other study is so closely related. 

It may be that feelings of this kind induce me to search for 
and overrate, rather than ignore, the physical peculiarities of man. 
If. they be viewed separately each may seem insignificant; but taken 
collectively, and duly considered in reference to their correlation and 
to the marvellous results attained thereby, they appeai; to me to 
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mark off the 'Homo* very definitely from the rest of the animal 
world. Further research may show closer connecting links. To our 
present knowledge he alone is 'bimanous', he alone is 'sapiens' or 
capable of becoming so, he alone in the biblical narrative is deemed 
worthy of a separate and that the crowning creative effort, the only 
fit recipient of the 'aura divina,* the only reflex of the willing, origin- 
ating power. No wonder that he is by some Zoologists allotted a 
separate class in the vertebrate order. 

The Pbostate Gland (figs. 7 and 8) was of moderate size, and shaped 
like a signet-ring, the anterior part being very narrow and containing but 
little glandular tissue. Laterally, it enlarged rather suddenly; and, behind, 
it formed a broad flat mass which was prolonged into an obtusely conical 
flap overlapping the vasa deferentia and vesicals seminales, and so form- 
ing a lobe external or posterior to them, the seminal ducts lying between it 
and the wall of the bladder. This ' posterior lobe ' was easily reflected ex* 
posing the termination of the ducts which, in the latter part of their course, 
were situated in a broad fissare traversing the upper portion of the prostate 
transversely. The anterior wall of the fissure was formed by the fore part of 
the prostate which constituted the hinder aspect of the urethra; and the 
hinder wall of the fissure, which extended a good deal higher, was formed by 
the 'posterior lobe* just mentioned \ 

The vesiouln seminales were long and their component coils loosely held 
together. The vasa deferentia contined separate from them till they had 
entered the fissure of the prostate and were about to pass into its substance. 

The Labtnx (fig. 9), was of fair size, but the epiglottis was small, and did 
not rise freely above the level of the aryteno-epiglottidean folda The vocal 
cords, though moderately pronounced, were very sofb and flaccid, consisting 
almost entirely of mucous membrane with little elastic tissue in their sub- 
stance. The sacculi lar3mgis were large, and prolongations of them extended 
more than half an inch upwards behind the false chordn vocales to im- 
mediately beneath the margin of the aryteno-epiglottidean folds. A nar- 
row prolongation (through which a bristle passes in the figure) of the 
upper and fore part of the right sacculus extended through the upper part 
of the thjro-hyoid membmne, on the right of the median line, and ex- 
panded into a pouch of the size of a hazel-nut, occupying the concavity of 
the strongly arched hyoid and projecting a little anterior to it The 
opening into the pouch of the canal from the sacculus was surrounded 
by a wrinkled valve-like fold of membrane*. 

The Tongue was large and its papillsB were well marked, especially the 
fungiform papillse at the back; some of these were nearly a quarter of an 
inch long. The circum vallate papilla were not disposed in a Y figure, 
but twelve were in a row in the median line, their confluent circumfer- 
ential margins forming a slightly raised band; and ther^ were besides two 
on one side and one on the other'. 

* The animal disBeoted by Yrolik was yonng, and he observed nothing particular in 
the nrinary or genital organs. The prostate gland of an Ateles fielzebuth that I dis- 
sected had a posterior lobe similar to that of the chimpanzee. 

* In Yrolik's Chimpanzee, which was a young female, the ponohwas larger, extended 
in front of the thyroid cartilage and oommnnioated with the Uft saccnlns. In the 
Orang there are large ponohes, extending from the sacculi on both sides of the larynx 
down the neck in front of the clavicles, and insinuating themselves between the £vi- 
sions of the pectoral muscles into the axilla. From several dissections of the Orang, 
Macaque, and other monkeys, Yrolik concludes that the pouches increase with age, and 
that they are larger in the male than in the female. In many of the quadnimana 
they are absent; and the purpose served by them is not very dear. 

* The anangements of these papilla varies a good deal In the Orang they are 
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The follicles on the back part and tddes were veiy large, as also were 
those forming the tonsils. 

The following are a few additional points: 

The disposition of the Arteries in the lower limb was rather carious. 
It is well-known that in this class of animals the anastomotica magna is 
usually of large size, accompanies the saphena vein to the ankle^ and sup- 
plies, to a greater or less extent, the district which in man is supplied by 
the anterior tibial artery, and sometimes even that which is supplied by 
the posterior tibial. This, probably, has relation to the outward bend of 
the knee and the inward direction of the hallux in these animals, which, 
render the course along the inner side of the knee and 1^ the straightest^ 
and therefore shortest, route for the arteries which are to supply the r^on. 
of the hallux. In the Chimpan2see, however (the dissection of the arteries 
was confined to one of the two chimpanzees), the a/nasUnnalioa on the 
right side supplied only the interval between the hallux and index, the 
rest of the lower part of the limb receiving its supply from the posterior 
tibial, which gave off branches, perforating the interosseous ligament, to 
the muscles in front; and, on the left side, it was small and did not extend 
below the middle of the leg, the last perforating branch of the posterior 
tibial taking the place of the terminal part of the anterior tibial in man. 

The different degrees of approximation to the disposition in man, thus 
presented in the two limbs of the same animal, is highly interesting. So is 
the fact that the upper part of the anterior tibial artery of man is repre- 
sented by one verael and the lower part by another in the same limb^ 
rendering it difficult to decide which should be regarded as its real homo- 
logua Probably neither is strictly so, nature not being quite so rigid am 
adherent to homology as anatomists are sometimes inclined t» make it 
appear. Such an arrangement of the vessels is by no means unfrequent^ 

It may be observed that as a general rule the muscles had broader 
attachments and were less distinct from one another than in man*. The 
connection of the glutaeus with the outer head of the gastrocnemius is 
a good example of this. * In like manner the muscular fibres extended 
further upon their tendons, giving less of that freedom and expression to 
the tendons upon which the comparative smallness of the joints and the 
beauty of the human figure so much depends. A similar want of distinct- 

much as in man: in the Cat, Otter, Seal, Leopard, Lion, and Pig, there is more or lees 
approach to the Y shape; but in each arm of the Y there are not more than three, two, 
or even one of the papillaa. In the Gira£Fe, the Ox, and the Sheep, they form a thiok, 
raised ridge on either side of the back of the tongue. 

^ Yrolik found the disposition of the arteries in the Chimpanzee to be the same as 
in man. The femoral vein, however, divided upon the adductor l\ one branch accom- 
panying the artery into the ham, and the other following the course of the saphena. 
In Ateles I found the AnasUnnotica artery accompanying the saphena vein divide, in 
the upper third of the leg, into three branches : one, passing beneath the tibialis anti- 
cus and ext. propr. pollicis, took the place of the ant-tibial artery and supplied the 
dorsum of the foot; a second supplied the hallux; and a third, penetrating the fascia 
on back of leg, and crossing tibialis post, and flex. long, dig., took the place of the 
poet-tiMal artery in this situation, and divided into plantar arteries supplying th» 
sole. The proper poet-tibial artery was small, accompanied the nerve down the leg, 
and passed beneath tendo achillis to outer ankle. 

lii Nunn [Obs. and Notes on the Arteries of the Limhs, 2nd ed. p. 22) infers, from the 
distribution of the anast. m, to the fore-part of the foot in monkeys, that it is in man 
the analogue of the radial. The anatomy of Ateles would, upon the same groxmd, 
indicate it to be the analogue of the ulnar also. 

* The deltoid was continuous with the triceps and brachialis antioos. The latiS' 
simus dorsi was connected, as usual in monkeys, with the triceps by a muscular slip 
(the dorso-epitroeTiUan of Duvemoy) passing at right an^es from its tendon down the 
back of the arm. The anconeus was not distinct from ihe triceps. The long origin 
of the triceps extended nearly to the inferior an^^e of the scapula; the origin of the 
BUpioator longus half-way up the arm, the insertion of the coraoo-braohialis near^ to 
Ibe internal condyle, that of the semi-tendinosns half-way down the leg, fto*. 
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ness or differentiation was obeervable between the fibro-oe]lular tiflsue and 
the fiisciffi. The former was ooaraer, tougher and thicker than in man; 
the latter were for the most part less defined and strong, with less definite 
mnscnlar connections, and seemed to play a less important r61e. (The 
tensor vaginae femoris was well marked ; but the glutsens max. had little 
connection with the fitsda of the thigh, and the biceps brachii none with 
that of the forearm.) 

The most important feature in the mnscnlar anatomy of the lower 
limb was the absence (nsual in the lower animals) of the peroneua tertiusy 
which in man serves to raise the outer side of the foot and present the sole 
fiat upon the ground. We associate this with the bearing upon the outer 
edge of the sole so generally observed in these animals. 

An interesting example of the adaptation of the same means to varied 
puix>oee8, which we find so largely displayed in the works of nature, is 
fumished by the jBact that the movements of the hallux are effected, not by 
the introduction of any additional muscle, but by the different influence 
which the ordinary muscles exert upon the metatarsal bone in consequence 
<^ its peculiar relations to the tarsus. The peroneus longu8 and the tibialis 
arUicua are the chief agents; and the influence of the latter as an abductor 
is increased by a more distinct division into two portions, and a more 
distinct inse^on into the metatarsal bone than in man. 

The GhUeus nutximvsj arising much as in man, and well developed 
over the buttock, was inserted into outer side of the femur below the 
trochanter and also into the tendon of origin of the vastus extemus and so 
into the back of the femur (there is no distinct linea aspera) as low as the 
external condyle, where it was continuous with the outer head of the 
gastrocnemius and with the poplit»us. It had very little connection with 
the fascia. I did not discover any distinct scansorivs. 

The other buttock muscles were as in Man. 

The Tensor wtgincB/emoria and Sartoritia arose from the anterior margin 
as well as the spine of the ilium. 

The Adductor Longus arose from the spine and an inch of the margin 
of the pubes beneath Gimbemat*s ligament, was inserted into the middle of 
the back of the femur ; and a distinct prolongation of its tendon reached 
to the inner condyle. This is usual more or less, though not so distinctly, 
in man. There was a small opening in this tendon similar to that for the 
femoral artery in man. A small vessel only, however, passed through it; 
and the femoral artery itself traversed the interval between this tendon 
and the tendon of the adductor magnus to reach the ham. 

The Adductor magnus was very large, arising as in man and inserted 
into the whole length of the back of the femur and into the popliteal space 
quite to the knee-joint, coming into contact with the outer part of 
the inner head of the gastrocnemius and the posterior crucial ligament. 
The portion which passed to the inner condyle was quite a distinct muscle 
arising separately ftom the tuber ischii and passing direct to the condyle. 

The Poplitasus was large, as it is in many of the lower animals. 

The Gastrocnemms^ ISolceus and Plantaris were in one chimpanzee 
disposed much as in man. In the other the only trace of the solteus was a 
small musculo-tendinous slip from the head of the fibula. This is usual in 
monkeys, and was found in the chimpanzee dissected by Huxley and 
Flower \ The tendon of the pkmtaris presented its peculiarity, admitting 
of being stretched into a membrane and drawn again into a rope. It had a 
separate insertion into the inner side of the oe calcis constituting an approach 
to the extension into the plantar £eiscia observed in some animals. 

In the foot the irUerosseous muscles, dorsal as well as plantar, were dis- 

. * Med. Timei and Gazette, 1864, p. 429. 



266 PROFESSOB HUMPHRY, 

poRed in tbe same waj as in the fore limb and as in the hand of man*. 
The VransiwncJAS was absent. The nlnar portion of the Flexor Intvis 
haUttcis was dwarfed bj the large Adductor. Tibialis posticua tendon sent 
a strong band to entoK^oneifonn and sheath of peroneiis. AccesooriuB^ absent 
on one side, was very small on the other, not reaching flexor tendon, but 
lost in the adjacent cellular tissue. (In the second Chimpanzee it was very- 
small in both limbs. In Orang it could not be found. In Ateles it was 
veiy large.) The complicated relations of Fleo^ L poUiciSy Fleoe. I, dig.y 
Flex, hr, dig, and LumJbricalea were much as they have been described by 
others*. 

The Tibialis arUicus as usual divided into two musdes, one to the ento- 
cuneiform and one to the metatarsal bone (the latter is the oMuctor longus 
poinds of Meckel). The anterior annular ligament was very strong for 
the purpose of resisting the pull, consequent on the commonly flexed con-- 
dition of the ankle, which is related to the flexed condition of the knee. 
The extensor tendons were web-like, less separate than in man. Feronetis 
hrevis sent a slip along edge of little toe joining extensor tendon. 

Upper Limb. Fectoralis minor ci*08sed over coracoid to great tuber* 

^ 4 donal; one to tibial side of index, 2nd to tibial side of middle, 3rd to fibular 
side of middle, 4th to fibular side of annularis : 3 plantar; one to fibular side of index, 
2nd to tibial side of annnlaris, Srd to tibial side of minimus. Fomid to be disposed in 
the same way by Duyemoy and Halford in the Gorilla and the Macaque, by ^vart in 
Cereopithecus, and by myself in the Dog. 

* Flex. I, /laZ/ttct^ •divided into 4 tendons; one to terminal phalanx of hallux, 2nd to 
fl. 1. dig., 8rd to middle, and 4th to ring digit. FL l. dig. divided into 2 tendons to 
index and little digits. Lumbricales were 7 ; four from Ji. I. dig.y one to tibial side of 
index, 2nd and 3rd joined tendons of ft. br. to middle and ring digits, 4th represented 
tendon of fl, br, to Uttle digit, which was absent ; three were ^m outer diyision of JL 
I. hallucU to tibial sides of middle, ring, and little digits, joining the extensor tendons, 
that for middle digit derived some origin from ft. I. dig. In the Orang I found, as in 
Owen's Orang, that the great toe received no tendon from either of the long flexors. 

These muscles usually encroach more or less on the ground occupied in num by the 
Bolseus ; and in the Orang the outer of them had a considerable origin from the external 
condyle of the femur. 

Prof. F. E. Sehultze, of Bostock, gives in the Zeitschriftfur Wissejuchaft. Zoologie, 
XVII. 1, an elaborate account of the arrangements of the tendons of the sole in Mui 
and Mammals. In 100 dissections made for the purpose in Man he found that the 
outer division of the tendon of the Fl. halluds 1. passed in 32 instances to the 2nd toe 
only, in 68 to the 2nd and 3rd toes, and in 10 to the 2nd, Srd, and 4th. In 29 instances 
a sUp from the Fl. 1. dig. passed to the inner division of the Fl. L hallucis (the division 
destined for the hallux). This occurred most frequently in the instances in which the 
Fl. hallucis was distributed to the 2nd, 3rd, and 4th toes, as though to compensate for 
the loss of substance sustained therefrom. Usually the disposition was Hoe same in 
the two sides. (These results correspond closely with those obtained by Turner from 
the dissection of 50 cases, Ed. Phil. Trans, xxiv.) The relation of the two tendons to 
the several toes being of this nature, he thinks that the terms Fl. dig. fibularis and 
tibialis should be substituted for Fl. 1. hallucis and digitorum, especially as in some 
mammals the former muscle has no connection at all with the hallux; and in some 
(tiie Mole, the Hedgehog, and others, pp. 18 and 14) the two muscles or their tendons 
are blended into one, from which the tendons proceed to all the toes. In the Marsupial 
Didelphis with opposeable hallux the Fl. fib. passes to all the digits, the Fl. tib. to all 
but the 5th. The Kangaroo has only one flexor for its two large and two small toes. 

He found occasionally (as has been observed by Wood, Turner, and others, and in 
the Bushwoman, supra, p. 204) a small spindle-shaped muscle arising from the plantar 
surface of the Fl. tib. in man, and passing to the 5th digit, joining the division of the short 
flexor to that digit, when it was present, or taking its place when, as sometimes hap- 
pened, it was abftent ; a similar muscle passed also occasionally to the 4th and even to 
the Srd digit, but not to the 2nd. He compares this variety with the frequent limita- 
tion, in monkeys and other animals, of the flex. br. to the 2nd digit, its place in 
connection with the Srd, 4th, and 5th digits being supplied by a muscle or musdes 
arising from the Fl. tib. The Lumbricales are sometimes, in addition, present, some- 
times absent. 

In connection with the usual disposition of the flexor tendons in the sole of Man he 
mentions and represents, Taf. 1, fig. 4, the union of the FL 1. pollicis and the FL L dig. 
as an occasional variety in the hand. 

8ee also Bey. S. Haughton in Proc. Royal Irish Acad. i. 710. 



ON THE CHIMPANZEE. 267 

de of humerus, reprefsenting, perhaps, the most frequent disposition of 
this variable muscle in monkeys. This disposition, advantageous to the 
animals in swinging by the limb, has probably relation to the depressed 
character of the ooracoid in them as compared with its forward projection 
in man. It is the usual disposition in animals (the Dog, Sheep, dec.) in 
which the coracoid is very short and does not project on the inner side of 
the shoulder joint. 

The movements of the metacarpal bone of the thumb were well provided 
for by muscles disposed much as in man : but the provision for the move- 
ment of tbe phalanges was not so good. The only trace of Flexor L pollicis 
being, in one Chimpanzee, a slender tendon passing from the fascia of the 
palm to the terminal phalanx*, and, in the other, a long thin tendon passing 
from inTier or ulnar part of flex. dig. prof to terminal phalanx*. This is 
a little remarkable, seeing that even the diminutive pollex of the dog has 
its distinct long flexor muscle. The ulnar division oifleac brevis passed 
to the terminal phalanx. Moreover, of the three eoctenaores poUicis one 
passed to the scaphoid and the metacarpal, the 2nd also to the meta- 
carpal, and the Srd to terminal phalanx. This more or less complete 
absence of the long flexor and the insertion of the 2nd extensor into 
the metacarpal, causing the thumb to move as a whole, is not uncom- 
mon in quadrumana. The extensor tendons of the fingers were web-like, 
and the ext, indicts sent a slip to middle finger. The space upon the radius 
which in man is devoted to the flex* I. poll, was, as usual, occupied by the 
portion of the^^as. prq/undtis passing to the index; this muscular derivation 
finom the thumb to the fingers corresponding with the greater proportionate 
strength of the latter'. Falmaris Umgus was expanded into the &scia at 
the lower part of forearm. Falmaris brevis was large. 

The osseous provision for the movement and opponency of the thumb 
is the same as in the human hand and corresponds with that in the foot, 
viz. the position of the trapezium carrying the thumb in a different plane 
from the other digits, and the shape of the articidar surface, which is 
strongly convex from before, backwards and slightly concave in the other 
direction, adapted to the sharply concave and slightly convex metacarpal. 

The joints of the carpus with the metacarpus and with the radius and 
ulna, also the lower radio-iduar joints, were much as in man. The inner 
part of the scaphoid and the adjacent portion of the trapezium were much 
produced inwards, and there was a small additional (pisiform) bone between 
them. In the upper radio-ulnar joints the orbicular ligament was less 

^ This wag the case in the Gorilla, dissected by Hnxlej, he, cit, p. 588. 

* This crossing from the ulnar side to the pollex reminds us that in the lower limb 
the flexor muscle always crosses from the outer or fibular side to the hallux. In a male 
subject, in our -dissecting this winter, a small muscular slip from the ulnar part of the 
fiex. tuhlimis dig, passed beneath the median nerve, sent a narrow tendon to the fi, I, 
poUicig, ran down in company with that muade to beneath the annular ligament, 
where it disappeared in the cellular tissue. See Turner, On Variability in Human 
Structure, Ed, Phil. Trant. xxiv. p. 179. 

* In Prof. Wilder's Chimpanzee and Duvemoy's Gorilla the portion of flex. prof. 
supplying index was separate from the rest and joined with^. I. poll. When the latter 
is present it generally comes from the common flexor. In two specimens of the 
Macaque, Prof. Halford {Liiiet of Demarcation between Man, Gorilla, and the Macaque, 
p. 17) found it as in Man ; in a third it was conjoined with flex. prof. dig. ; in all it was 
the weiJcest of those inserted into the last phalanges. This incipient blending of the 
flexors of the digits whidi attains its maximum by their fusion into one muscle in the 
fore as well as the hind foot in Monotremes, some Edentates, and other animals 
(Mivart, in Trant, of Linnaan Society, xxy. 889 and 894; Schultze, footnote, p. 266) 
is interesting. See also Ber. S. Haughton, in Proc. of Royal Irish Acad. i. 714. 

It was remarked by Prof. Wilder {Boston Jofwr. of Nat. Hist. vii. 864) that the 
tendons of flex. pr. dig. were so short as not to permit the simultaneous extension of 
both hands and fingers, so that the mere weight of the body upon a branch extending 
the hand will cause the fingers to close like hooks upon it, and enable the animal to 
retain its hold without muscular exertion. 
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strong and did not form so diBtinct and flat a band as in man. The cir- 
cumferential margin of the end of the radius was less deep and not quite so 
circular, and its hinder edge rose a little above the general leveL This 
prevented supination fix)m being quite so free as in man, though it is, 
perhaps, freer in the chimpanzee thw in any other of the quadrumana^ 



DESCRIPTION OF PLATE XIH. 

Fig. 1. Drawing of right hind foot of Chimpanzee with the hallux and the 
astragalus thrown back to show the articular surfaces of the metatarsal bone 
of the hallux and the ento-cuneiform and of the astragalus and the os calcis. 

Fig. 2. View from above of the same part ; a5 is a line drawn forwards 
through the bearing point and body of the heel-bone and the ring digit. 

Fig.3. Similar view of human foot The line a5 drawn through the bearing 
point and body of the heel-bone and continued forwards bisects the posterior 
calcaneo-scaphoid joint and the upper articular surface of the astragalus and 
traverses the second toe. 

Fig. 4. A diagram of a vertical section from before backwards through the 
middle of the outer condyle of the human femur, a indicates the point corre- 
sponding with the attachment of the external lateral ligament. The equality in 
length of the lines ae, ad, and ae show a to be in the centre of the drde 
described by the hinder part of the condyle ; and the length of the line db shews 
the distance of the ligament from the front of the condyle. 

Fig. 5. Diagram of similar section in Chimpanzee. The line ab being of 
equal length with oc, ad, and ae shows the attachment of the ligament to be 
as near the anterior as it is to the other parts of the surface of the condyle 

Fig. 6. Drawing of outer side of lower end of Chimpanzee's femur. The huge 
and deep depression for the attachment of the external lateral ligament is at the 
middle of the surface of the condyle. 

Fig. 7. Hinder view of the bladder, prostate, vasa deferentia, vedculse semi- 
nales, and membranous and bulbous portions of the urethra of the Chimpanzee. 
The conical 'posterior lobe' of the prostate is seen projecting up behind the 
seminal ducts. 

Fig. 8. The 'posterior lobe' of the prostate is turned down showing the 
transverse fissure and the vasa del and sem. ves. passing across it. 

Fig. 9. The tongue, tonsils and larynx of Chimpanzee. The right saocolos 
laryngis has been freely opened by a vertical cut through the superior, or fidse 

chorda vocalis, and a brisUe passed through the opening from it into the laiyngeal 
pouch. 



ON CASES OF VAGINA DUPLEX ET UTERUS SIMPLEX 
AND OF SACCATED UTERUS. By J. Matthe^^s 
Duncan, KD., F.R.S.E, &c. &c 

I HAVE, in my own experience, met with several kinds of malformation 
of the female genital organs. Among such cases, none have been 
more remarkable than those of double vagina. I have seen three 
cases of vagina duplex. Of one of these, I had the misfortune to 
get only an imperfect examination: it was probably a case of vagina 
duplex et uterus duplex; and therefore does not come into the same 
category with the other cases given in this paper. But I may mention 
that, in it, the right vagina was of ordinary size, while the orifice of 
the left would not admit the little finger. The orifice of the left was 
like a very large urethral orifice, and its centre was considerably 
anterior to the centre of the other vaginal orifice, being nearly in a 
line with its anterior margin* A large soxmd, passed through the 
smaller orifice, could be easily felt through the left wall of the chief 
vagina, passing as high as the uterine cervix. This smaller vagina had 
no communication with the other. The genital organs were healthy. 

The first case of vagina duplex et uterus simplex that came under 
my notice was in a lady who had come from a distance to be confined 
of her first child in Edinburgh. The nature of the case was recog- 
nized during labour, but not at first. There was a greater sensitive- 
ness of one passage than of the other, a circumstance which, while the 
condition of parts was unknown, caused some anxiety; for, then, it 
was only a greater sensitiveness on some examinations than on others. 
But as the second stage progressed, chloroform was administered, and 
careful investigation of the parts instituted. The duplicity of the 
passage was then made out But already it was impossible to say 
how high the dissepiment between the two passages was carried. 
For the advancing foetal head pushed the dissepiment before it, 
apparently without lacerating it, as happened in the case recorded by 
Dr Cappie. When the head presented at the vaginal orifice, it was 
checked by the dissepiment, now crumpled up from above downwards, 
and elongated from before obliquely backward and to the left side. 
Both vaginal orifices were distended, but the right was the largest 

Wishing to avoid laceration of the dissepiment, I cut it through, 
and the child was soon born thereafter. It was evident that the right 
vaginal orifice was used in cohabitation, while the left was not ; and 
probably on that account, it was more sensitive than the right, on a 
digital examination being made. 

This case presented another rare anomaly. Before the child was 
bom and especially during a pain, a sort of hour-glass contraction 
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could be distinctly felt Above the ordinary outline of tbe large 
uterine body, and inclining towards tbe left hypochondrium, could be 

£1g. I. 
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perceived a mass somewhat larger in size than a cocoa-nut, connected 
with tbe mass of tbe uterus by a considerable neck and not moveable 
separately from that oi^an. This condition persisted until the separa- 
tion of tbe placenta, when it could no longer be felt. It was there- 
fore only in form an hour-glass contraction ; in most otbei' points of 
its history it differed from that well-known state of the uterus 
occurring aftier tbe birth of the child. This condition may be called 
'a eaccated uterus'; and within the sac tbe placenta grew. 

Tbe condition of the placenta was curiously demonstrative of tbe 
saccated state of the uterus and of the site of its own insertion, for, 
only by assuming these two points as described, can the condition 
of the placenta be accounted for. Laying it on a board, it had the 
shape of a flattened globe. Its external or uterine surface touching 
the board, little else than external or uterine surface could be seea 
From the upper surface of tbe spheroidal mass, as it lay on the 
board, could be seen emerging membranes and cord, a considerable 
edge of the upper surface being tbe marginal part of the external or 
uterine surface of the placenta. It is evident that the placenta had 
grown within the sac, and that, during pr^;nancy, the membranes 
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ud cord passed through the neck of the sac to be coQtiDuons with 
the rest of the inTolncra and faniB. 

Fig. IL 
8htiei»g a plait tf a «v(mm </ lie fi««mla. 



B. Plaatttal au«. 

C. &aenial or uterine turfiiee of plaetnla. 

D. Initntal or mtabraaoui twrfaee i(f ptacatta. 

I shall not eater on any speculations as to the anatomy of this 
sac The lady still lives, the mother now of several children not 
delivered under my superintendence, and uiy guessing as to the 
nature of the sac is vain, &om want of such positive information as 
only an autopsy could afford. I shall only say that while the saccated 
condition may appear to some to indicate partial duplicity of the 
upper part of the uterus, it may by others be ranked with those 
curious cases of gestation, in which the placenta has been described 
as developed in a Fallopian tube while the foetus grew in its normal 
site, or in which some other like anomaly has been represented as 
occurring'. 

Peu, in the fifteenth chapter of the second book of hia Pratiqiie 
des Accouchemens, published at Paris in 1694, describes a case of 
incarcerated placenta which he saw only after the birth of the child. 
His words shew that he evidently thought that the placenta bad 
* Foi come remaikt uid referenoea. Me Uie Edinburgh lledieal Joumal for Jxom 
1SS6, p. 1D6». 
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been encysted during pregnancy or developed in a uterine sac; but 
there is nothing stated in the history of the case, or in regard to the 
anatomy of the placenta, which confirms his view; and the fre- 
quency of incarcerated placenta, as compared with the extreme 
rarity of saccated uterus, renders it highly probable that the case was 
merely one of incarcerated placenta such as is not very rarely seen 
in cases of hour-glass contraction. Error of an opposite kind, yet 
somewhat analogous, was in vogue about the same time in regard 
to placenta prsBvia^ the placenta being supposed to have fallen acci- 
dentally during labour into the situation in which it really grew. 
Pen's words are as follows, and are both ingenious and important, 
whatever may have been the real nature of his medical colleague's 
wife's case. 

*'En Tann^ 1671, Monsieur Mi&rtin Tain^, mon confrere, me fit 
rhonneur de m*apeller au secours de sa premiere femme, que je trouvai 
accouche d'un puissant en&nt^ et non d^livr^; car son d^vre 6tant 
retenu et enferml du c6t6 droit plus haut que le fond de sa matrice, comme 
si la nature loi en eiit fiut une seconde : sa sage-femme y trcniva de Im 
r^dstanoe, et lui resistant ellem^me ii son tour, rompit le cordon dans aa 
radne. Je ne la blUme pas d*avoir ignor^ cette constitution de matrice 
peu ordinaire et inoonnue il bien d'autres qu'elle: oette ignorance n'est pas 
un crime ; mais de n'avoir pas demands du secours dans une ocasion od 
elle trouvoit un si grand obstacle. Je m*en plains, parcequ'en efet son 
imprudence non seidement jetta son acoouch^ dans la perte de sang, les 
hoquets continuels, les syncopes, et les sueurs froides, oil je la trouvai: 
mais rendit aussi pour moi la d-marche fort ^pineusa Heureusement 
pourtant nous en sortimes la malade et moi : elle revint en sant^ et je fas 
depuis mand6 en quelquesuns de ses travaux poiur lui manager la vie. 

''La curiosity pourrait obliger quelqu'un ii demander, conunent un 
enfiint peut subsister dans la matrice, aiant son d^livre en nn lieu 8€par6. 
Je r^pons Ih dessus, que o'est une de ces merveilles dont TAutear de la 
uatiure s'est r6serv€ la oonnoissance. Je ne dirai point comment cela se 
passa Peut-dtre le f)§tus et ce qui le suit est-il contenu d*abord et meme 
engendr6 et form6 dans ce lieu particnlier dont nous parlous, et qu'ensoito 
le tout ne pouvant demeurer dans cat espace Farriire-fiiix y reste^ et le 
flatus d6oend sur les dernieres mois dans la matrice avec le tout^ ou one 
partie des eaux; sans cesser pour cela de recevoir ce qui loi est n^oessaire, 
taut pour subsister que pour se perfectionner : ni que rien emp^che une 
libre communication entre le f^tus, les eaux oii il sumage, les membrauea, 
qui contiennent ces eaux, et la masse o^ ces membranes sont appliqu^ea. 
Quoi qu'il en soit ces sortee d'apotheques ou arri^re-boutiques, m'ont toujoura 
paru Tune des plus rares choses de ma profession ; et si je les ai trouv^ea 
gamis d'une espace de marchandi&e de contre-bande qui m'a donn€ bien de 
la peine il £ure passer : en recompense je me suis d6dommag6 sur le plaisir 
que j*ai eu d'en faire la d€couverte h mon touxi, et d'y aoquerir certainea 
lumi^res dont j'ai bien s^ me servir ailleurs . 

For my second case of double vagina with single uterus, I am 
indebted to Dr Warburton Begbie. The lady who was the subject 

^ See some remarks on Peu*8 ease by Baudelooqne, Syitem of Midwifery, Heatli*8 
Tiansl. Vol. ii. p. 29. 
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of it had been recently married. She menstruated irregularly beford 
marriage, the intervals between the periods being much exaggerated; 
but since her maniage the menses had recurred regularly with the 
usual interval. Her husband and she thought that there must be 
some unusual condition, because connexion never seemed to be com- 
plete, and because attempt at connexion was sometimes painfiil. 

An examination at once discovered the state of matters. It was 
as foOows. There were two vaginal orifices; the right of ordinary 
raze; the left only of capadty enough to transmit the finger easily. 

Kg. III. 

8liem»glli* vain witX tke rigkt and ^ft tagbuU orifeti. 



The right v^ina was not unusually sensitive; the introduction of the 
finger into the left was at least very disagreeable to the patient Each 
vaginal orifice bad a well-developed fiill-Iike hymen, a circumstance 
oontradictoiy of the opinion of Hyrtl as to the absence of this mem- 
brane in such cases*. The septum between the vaginte was thin, 
having however a thickening at its upper free end and at the part 
separating the lower orifices. The septum ended at the os uteri, the 
two v^inffl joining there, A finger could be passed through either 
vagina, bent over the upper edge of the septum and pushed into the 

* " In FonouiMheT HIntiolit kum m viehtig hIu m viMcn, duB b«i angeborenn 
I>ap|Ieitlit del Tupnft dei Hyinen ohne aiunahnie fehlt," Haadimelt der Topograph. 
AmU. VoD Joavpb Bjttl. ZwelU A^flagt, n. Band, S, 108. 



/ 
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been encysted during pregnancy or developed in a uV y ^ 

there is nothing stated in the history of the case, oxi ^ je was 

anatomy of the placenta, which confirms his ^V * juwith 

quency of incarcerated placenta, as compar^//^ .. iRuasell, 

rarity of saccated uterus, renders it highly prjg// ^ , Abour. 

merely one of incarcerated placenta such * /^ // , ^ng of the 

in cases of hour-glass contraction. TStm/fy * f .' the anterior 

somewhat analogous, was in vogue fib*/// • this crest was 

to placenta prsevia, the placenta bei''///^ . • . mass. During 

dentally during labour into the ,/ V/ » ; .* neum, this lower 

Pen's words are as follows, and . ■' * ^j^ and in haidnea 

whatever may have been the ■ ', i an erect penis, 

wife's case. ,• '■ * jr less directly tcom before 

*'En rann^ 1671, V /' ' /,f ^^ dissepunents anaJogoa. 

accouche d'on puisaa^ ad observations of a like kind have been 

retenu et enferml du 
si la nature loi eo 

r&istano^ et lui • ^^ ^ Weihes, m. Band, S. 169 ; Forster : DU MissHldxmgen 

racme. Je ne ' ^,^^1 „. pig. 17. ^nd by Dr Alexander Simpson: Ed^ibwrgh 
peu ordinaire ^^^ ^. i864, p. 957. 

un crime ; j^hes similar hymeneal bands : Von dem Mangel, der VerMbmenrng 
elle txouv^ J^^ ^^ ^ Gebdrmutter, S. 176, and gives references to cases recorded or 
imprude ,^^^^ ^^^^ Mende and Oldham. Eloh, Pathologische AnaUmu der 
noquer y^ ^ggualorganef S. 417, also describes them and cites a case of Campbell'B. 
"^^^ ^^flh» Beytrdge zur PathoL Anat S. 66. 

^^ ^f^ fathers have, in their works, noticed the occurrence of cases of vagina duplex 
'<^giinplez, and have described some curious varieties of the condition, the diief 

/^'f^are varying lengths of the dissepiment, closure of one of the vagina at its 

^^ aztremify or imperforation at the lower. Among these authors may be men- 

^^ Marat, Dietionnaire des Sc. Med. Tome lvi. p. 455 ; Bokitansky, Pathological 

^f^omyt Sydenham, TransL Vol. 11. p. 266 ; Kiwisch, KlmUcJie Vortrdge, Abth. n. S. 

^^ ; Farre, Cyelopadia of Anatomy and Physiology, Vol. v. SuppL p. 707 ; Gonrlj, 

fraitS pratique dee Maladies de Vuterus et de sea annexes, p. 128. 

The following references to oases of vagina duplex et uterus simplex are here 
given. I report them without pretending that the collection is complete, or placed in 
order. In the passages indicated, further references are given to the oases in connexion 
with which only the observer's name is given by me. 

BuBoh, OeschUchtslehen des Weihes, in. Band, S. 169, mentions his having met vith 
oases, and refers espeoiaJly to a case by Stein and to another recorded in Bast's 
Magazin, Meissner, Frauensimmerkrankheiten, i. Band, B. 846, notes a case by CsUi- 
gen and another by Bartholin. Eussmanl, Von dem Mangel, der VerkUmmerung wd 
Verdopplu/ng der Gebdrmutter, dte. S. 176, cites cases recorded by Morgagni, Siztofl, 
Lemonier, Zentel, Garter, Guyot, Godard and Dunglas. FSrster, Die Missbildwigen 
de$ Menschen, Atlas, Tafel xx. Fig. 16, gives a figure of a case. Maunoir, Manats- 
sehnft fur QebvfrUkande, n. Band, S. 608, records a case. Jjastly, a veiy intereetiiig 
case, where the malformation occurred as a complication of labour, ia narrated \fj 
Cappie, Edinburgh Medical Journal, 1864, Vol. ix. p. 966. 
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^ nsNT RESEARCHES CONCERNING THE SUGAR 

^^ ^. By Robert McDonhell, M.D., F.RS., Jbo. <&a 
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^ t^ .^ 'ch, in his work "On Tetanus," which is indeed an 

^A ^U "^v "^ chemistry of muscular action, has added some 

^^^ ^^ '^ *' already known on the subject of muscle-sugar. 

X^ 4- -^i Vv ^^ *^ ^*y briefly before the readers of this 

^v <5: ^ is interesting subject, and particularly to 

Y' ^ ^w* '^.V '•ches, which appear to me to have much 

^"^ "■ " "^ lounced his discovery of a true sugar 

tmunicated to the Royal Society of 

^nary statement entitled " On our Know- 

. Matter in Muscla" In the reports of the 

yV 1862, No. 10, he confirms his first statement: 

to having exhibited the sugar in substance. The 

agar in muscle must be regarded as one of the most 

.e recent discoveries of physiological chemistry. It affords a 

.o most comprehensive theories as to the mode of decomposition 

aiinous matter; and such inferences Meissner did not &il to draw. 

sought by two methods, which appear conclusive, to establish with 

certainty the view that the sugar in muscle is in truth derived from this 

organ itself (and not from the blood); and secondly, that it is a product of 

the decomposition of albumen. 

He foimd sugar to exist in the muscular tissue of an animal which had 
for a long time been fed exclusively on flesh, and, what was still more 
conclusive, he detected it in muscle from which all blood had been 
removed by the injection of water. The sugar therefore appears to be 
derived from the muscular structure itself, and it is certainly highly 
probable that it owes its origin to the albumen. 

When Dr Johannes Ranke undertook to investigate the chemical 
changes which occur in muscular tissue, in consequence of muscular 
action, it was natural that so well characterised a substance as Meissner's 
moscle-Bugar should attract his attention* He therefore determined not 
only to repeat the experiments of Meissner, but to investigate whether 
the quantity of sugar in muscle undergoes any change in consequence of 
muscular action; in other words, whether after tetanization of muscle the 
sugar contained in it was found to be increased or diminished in quantity. 

The question seemed capable of being easily decided, as the method 
which Meissner had employed in the qualitative demonstration might 
with fitoility be converted into a mode of quantitative estimation. 
Meissner, in demonstrating the presence of sugar made use of the fermenta- 
tive test, and also the cupro-potassic, that is, the reduction of oxide of 
copper to the state of suboxide by the presence of sugar in an alkaline 
solution. 

In speaking of the latter method Meissner in his first Essay says : 
" It is very difficult to free the sugar of muscle from certain nitrogenous 
substances, such as creatine and creatinine, which, like ammonia, retain the 
nascent suboxide of copper in solution, hence the suboxide of copper rarely 
separates: in the majority of instances, where the suboxide remains in 
solution, it is necessary to acidify the solution with hydrochloric acid and 
to test it with a freshly prepared solutioA of ferridcyanide of potassium; 
the red precipitate of ferridcyanide of copper indicates with certainty the 
presence of suboxide of copper." 

Ranke converted this method of detecting the existence of sugar into 
a mode of estimating it quantitatively : and this he accomplished in the 
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following manner. He prepared a very dilute aolution of pure sulphate 
of copper in water of caustic potash; the fluid was of a beautiful blue 
colour, and 0*2 cc. ' of it added to 20 ca of a watery extract of muscle 
communicated to the latter a distinct blue coloration. The extract waa 
contained in a very small glass flask, in which it was raised to the boiling 
point; to the boiling watery extract the solution of copper and potash was 
added in drops until no further decolorization of the fluid took place; 
the maximum of the possible limits of error was therefore determined to be 
between 0*1 and 0*2 cc. This result was subjected to still further scrutiny; 
some Swedish filtering paper was soaked in a solution of ferridcyanide of 
potassium in hydrochloric acid, which for this purpose should aiways be 
made fresh ; one drop of a mixture of 0*1 cc of the cupro-potassic solutioii 
in 20 cc. of water gave on this paper a distinct brownish-red precipitate, 
surrounded by a reddish yellow ring caused by the action of the potaah. 
A solution of the suboxide of copper did not give this reaction. This test- 
paper therefore aflbrded a means of recognizing an excess of unreduced 
solution of suboxide of copper; indeed, of discovering with certainty even 
so small a quantity as 0*1 cc of it 

By the aid of a process yielding such extremely delicate results Banke 
hoped to be able to demonstrate even very minute differences in the 
amount of sugar present in muscle before and after it had been submitted 
to muscular action. 

Before, however, entering on this investigation it appeared advisable 
to Kanke to verify the primary discovery of Meissner; in short, to satisfy 
himself with his own eyes that sugar is really present in the juice of 
muscl& For this purpose he chose the fermentation method with the view 
of obtaining the alcohol produced from the fermented fluid. As the 
verification by an independent observer of an important new hxt is the 
next most valuable thing to its discovery, I shall give the details of 
Hankers experiment in his own word& ''I took four pounds of meat 
as free as possible fi-om blood (veal from which almost all the blood was 
removed in slaughtering the animal), cut it up as finely as I could, and 
boiled it with an equal weight of distilled water until all the albumen was 
completely coagulated. The almost perfectly clear acid fluid, which 
possessed in a high degree the property of reducing oxide of copper to 
the state of suboxide, was mixed with some yeast (which had by washing 
been perfectly freed from all the sugar contained in it; when boiled and 
filtered it no longer possessed any reducing property), and placed in the 
fermenting room. In order to make the development of carbonic acid 
from the broth quite evident to the eye, a little flask with barytic water 
was attached to that containing the fluid. The development of carbonic 
acid commenced in a few hours after the broth was placed in the ferment- 
ing room, the acid rose in little bubbles, and the baryta water began to 
become turbid. In twelve hours the fermentation was in full operation, 
at the end of 36 hours it had terminated. 

" After the lapse of 72 hours the soup was removed from the fermenting 
room, in order to be further examined. The fluid smelt of rotten cheese^ 
and had a strongly acid reaction ; and, a point on which I am constrained 
to lay great stress, it even afler the JermenUUion of the mgar still reduced 
tJie alkaline capper eoluHan, This acid fluid was subjected to distillation 
in a spacious retort, the precautions required in the distillation of small 
quantities of alcohol being duly attended to. By quadruple distillation a 
small quantity of a fluid was obtained, which by its inflammability, low 
specific gravity ka, was recognized as alcohol." 

The demonstration' of the formation of alcohol and carbonic acid was 
enough to show, without doubt^ that the substance contained in the juice 

1 CO. indicates oabie centimeters* 
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of meaty capable of redndug the oxide of copper in an alkaline solution 
to the state of Baboxide, was at least in great part a fermentable and 
yeritable sogar. 

It is, of coarse, Toy well known that there are several substances 
besides sogar which possess the power of reducing to the state of suboxide 
the copper of the cupro-potassic solution. The investigations of L. Y. Babo 
and G. Meissner are precise on this point. Now, as Ranke found that 
evoi after all fermentation was at an end and all sugar decomposed, 
nevertheless the extract of flesh still retained the property of reducing 
the oxide, before he could proceed further in his very delicate researches, 
it became necessary for him to ascertain what (nganic substances besides 
sugar possess this property. 

He confirms the statement of Babo and of Meissner, that pure uric 
add possesses this power in a high degree; he agrees also with the same 
investigators in stating positively that urea and hippuric acid do not 
possess this property. He has satisfied himself of the non-reducing quality 
of lactic and cynuric acids, of guanin, leucin, pyroxin, and strychnia, 
which last-named base it was necessary to submit to careful examination, 
inasmuch as it was the agent to be used for producing the tetanization of 
the muscles in experiments hereafter to be detailed. 

It has been already stated that creatin and creatinin possess a double 
property, 1st, that of roducing the oxide of copper to a state of suboxide, 
and 2ndly, that of retaining the so-formed suboxide in solution, from which 
it may, however, be precipitated by means of ferridcyanide of potassium. 
It appears, therefore, that there are present in muscular juice three 
substances which are capable of effecting the reduction of the oxide of 
copper, viz. 

1st, Sugar. 
2nd, Creatin. 
3rd, Creatinin. 

All quantitative determinations therefore made by examination of mus- 
cular juice by the cupro-potassic test must give a general result, being the 
reduction caused by all these three substances. 

The fermentation-test, however, places within our reach a means of 
determining the amount of sugar apart from the other twa 

Availing himself of this latter process, Ranke undertook an extensive 
series of experiments, in which, having got rid of the sugar by feimenta- 
tion, he attempted subsequently to determine the amount of reduction 
performed by the creatin and creatinin which remained. He found this 
to be very slight indeed: so slight as to be incapable of quantitative 
estimation. He came, therefore, to the conclusion that in his future 
experiments it would be allowable to refer the reducing power of the 
muscular juice exclusively to the sugar, as the very small share which the 
other two matters take in the reduction completely disappears in compari- 
son to that of the sugar. 

The volumetric strength of the copper solution which he used was such 
that I cc. of cupro-potassic solution corresponded to 0.000366 grammes of 
sugar. 

Having in this manner verified and extended the primary observations 
of Meissner and L. Y. Babo, Ranke was in a position to undertake very 
accurate experiments concerning the important questions already indi- 
cated, viz. 

Ist What may be the amount of sugar to be discovered in muscular 
tissue which has been in a condition of repose as compared with 
muscle which has been in action t 

2nd. Where is the sugar found in muscle formed I 
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In order to eolve the first of these problems a number of experimentB 
were performed, all of wbicli lead to the same general oonclnsioD, Ti& that 
sugar is developed in muscle as the result of muscular action. 

It is hardly necessary to mention that in all instances care was taken 
to remove all blood from the muscles. The results of the reduction were 
calculated with reference to the sugar alone (omitting creatin &c.). The 
strychnine used for purposes of tetanization has been already pointed out to 
be a non-reducing material, it is therefore an agent which cannot be sup- 
posed to have interfered with the accuracy of the results. 

The first experiment I quote in detail For this experiment six frt>g8 
were employed; three of these were tetanized with strychnia, the other 
three were simply killed instantaneously. From "both sets of frogs 100 oc 
of fluid were prepared from 25 grammes of flesh ; that is to say, a watery 
extract was made, every twenty cc. of this fluid were tested as to their 
reducing poww, 3 oc. of the copper solution being added both to the fluid 
obtained from the frogs at rest^ No, /, and to that from the muscles of the 
tetanized animals^ No, II, 

The result was as follows : — 

1. L 20 ca of the liquor oamis with 3 cc. of the copper solution, 

after boiling still of a deep blue. 

2. IL 20 CO. of the liquor camis with 3 ca of the copper solation, 

after boiling completely decolorized. 

3. L 20 00. of the liquor camis with 3 cc. of the oopper solution, 

after boiling still blue. 

4. II. 20 oc. of the liquor camis with 3 cc. of the oopper solution, 

after boiling completely decolorized. 

5. L 20 cc. of the liquor camis with 3 ca of the copper solution, 

after boiling still blue. 

6. II. 20 cc. of the liquor camis with 3 oc. of the copper solution, 

after boiling completely decolorized. 

This simple experiment shews that the reducing power oi the liquor 
carnis obtained from muscle which has been tetanized is greater than that 
derived from muscle which has remained in a condition of repose. As 
to the quantitative illations of this increase it affords no data, yet even 
so arranged it is instructive, and is particularly adapted in the quickest 
and simplest manner to establish the fiict of the inci'ease of the sugar 
in consequence of muscular action. While with the addition of a given 
amount of copper solution the liquor camis from the muscle which re- 
mained at rest continues blue, that from the tetanized muscle is com^detely 
decolorized. 

Bankers next step was to convert the result of this experiment into an 
accurately quantitative one. By a very elaborate and carefully conducted 
series of experiments, the details of which are too long to enter into, he 
confirmed the general result of an increase of the sugar in muscular tissue 
in consequence of muscular action, and proved, further, that on an average 
this increase amounts to 41 V,* 

It now remained to determine experimentally where the sugar is 
formed, which is found to be increased in muscle by muscular action. 
Meissner*s theory being that muscle-sugar is the product of the decomposi- 
tion of albumen, it became necessary to examine whether this sugar is 
formed in the muscle itself, or whether, having been formed in the liver, it 
was not conveyed to the muscular tissue and capable of accumulating in 
it. For if it be supposed that in consequence of tetanization by stry<^nia 
the amyloid substance of the liver is converted into sugar, so that the blood 
should become laden with it, the increased amount of sugar found in muscle 
might be explained simply by purely physical laws. 
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In order to decide thk intpoirtant question, whether the liver playe 
a part in the augmentation of the sngar in muscle which has been teta- 
nized, there were two conrses; tIz. that by extirpation of the liver, 
and secondly, by ligature of the heart previous to tetanization. The former, 
which was obviously the better plan, was followed by Kanke, and he 
adopted it, among other reasons, because ligature of the heart and laige 
veaaels would not have removed the action of the current of lymph which 
might be supposed as wdl as the blood to convey sugar to the muscles. 
The result arrived at from a series of experiments upon this subject was 
that the liver has no influence on the increase of sugar in muscle during 
tetanus. 

But a simpler and by far more conclusive experiment still remained in 
order to demonstrate that the increaae of sugar in tetanijEed muscle waa due 
to chemical change in the muscle itself and not brought about either by 
the blood, or the liver, or the lymphatics. This consisted in examining 
musde which, being cut out and quite free from blood, was tetaniaed by 
means of electricity. The details of the first experiment of this series are 
of attention : they are as follows : 

Comparative determination of sugar of muscle at rest, and tetanized by 
electricity, after excision : 

1. Muscle (U resL 

The flesh weighed 13*9 grammes. 

The total amount of extract was 100 cc 

The result of the reduction was as follows ; 

(a) Fluid before fermeTUaiion, 

25 cc. of watery extract of the muscle at rest reduced not completely (the 

fluid was already slightly coloured) 1'8 cc of alkaline solution of 

copper. 
100 cc. == 13*9 grammes of muscle at rest therefore reduced before, fer* 

mentation 7*2 oc. of alkaline solution of copper. 
100 grammes of muscle at rest therefore reduced before fermentation 51*8 

cc, alkaline solution of copper. 

(b) After /ermeniaUon, 

25 e& of watery extract reduced not completely (the fluid is of a reddish 
blue colour) 0*6 cc. of alkaline solution of copper. 

2. Tetanized Mutde. 

The flesh weighed in the fl^esh state 14*85 grammes. 
The total amount of extract was 100 cc 

The result of the reduction was as follows : 

(a) Fluid be/ore /ermenkUion. 

25 cc. of the watery extract of the tetanized muscle reduced 3*4 cc. of 

alkaline copper solution. 
100 cc = 14*85 grammes of tetanized muscle therefore reduced before 

fermentation 13*6 cc of alkaline solution of copper. 
100 grammes of tetanized muscle reduced 91*5 cc of alkaline solution of 

copper. 

(6) A/ier /ermerUcUion, 

25 cc of watery extract became of a bluish red on the addition of (the 
coloration is weaker than in the musde at rest) 0*6 cc of alkaline 
solution of copper. 
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100 grammes of muscle at rest redaced before fermentatioii 51*8 cc. of the 
alkaline solution of oxide of copper; 100 grammes of tetanized muscle 
on the contrary, 91*5 cc. The tetanized muscle consequently reduced 
more by 39*7 cc I The reducing power of the muscle at rest being 
taken as 100, that of the tetanized would be 176*6. 

The entire of the reduction is not to be attributed to the presence of 
sugar. We see that even after fermentation some reducing power remained 
in the liquor camis, though its degree could no longer be aocnrately deter- 
mined. If we assume that the 25 ca after fermentation had actually 
reduced 0*6 cc. of the alkaline solution of oxide of copper, which is mudi 
too high even for the tetanized muscle, but still more so for that at rest — 
the fluid was indeed strongly coloured — ^in 100 grammes of muscle 17'2 cc. 
of the reducing powers of the extract of muscle would correspond to other 
reducing bodies than sugar; 100 grammes of muscle at rest reduced before 
fermentation 51*8 cc.; of iJiis 17*2 ca are to be deducted, leaving for the 
sugar 34*6 cc.; 100 grammes of tetanized muscle reduced before fermenta- 
tion 91*5 ca ; after fermentation 17*2; consequently 74*3 cc. are referrible 
to sugar. 

The result of the experiment is very plain. 

Even the excised tetanized muscle ^ows an increase of its sugar in 
consequence of tetanus. The fermentation-experiment proves that the 
reducing matters of the muscle other than sugar are without any essential 
influence on the result of the reduction. 

The fermentation-experiments, and the experiments made with a view 
to determine after fermentation the reducing powers of the extractum 
camis which still remain, had all a similar result : the fluids were always 
coloured even by a few drops of the alkaline solution of oxide of copper, so 
that an accurate determination of the reducing powers was no longer 
practicabla Almost always, however, the tetamzed muscle appeared to 
reduce more strongly than that at rest, which must be referred to an 
increase of the creatin. 

Further experiments of the same kind give results analogous to the 
foregoing. In one instance, it was calculated that, assuming the reducing 
property of the muade at rest to be equal to 100, that of the tetanized 
muscle would be 355 : — ^in another the proportion was as 100 to 200. 

Banke has thus furnished a direct proof that the sugar found to exist 
in muscular tissue, and increased by muscular action, actually arises where 
it is found, and is not conveyed from the liver or elsewhere; in &ct^ that 
the sugar is formed from the muscular substance itself Meissner^s supposi- 
tion is therefore fully confirmed; and Banke has the merit of having 
established on a secure basis the following propositions : 

1st. That there exists a true fermentable sugar in muscla 

2nd. That the amount of this sugar is increased by muscular action. 
(Tetanization caused by strychnine or electricity.) 

3rd. That the Uver has no effect in causing this increase; for the sugar 
is proved to arise in the muscle itself, and from the muscular substanca 



NOTES ON THE OSTEOLOGY OF THE INSECTIVOKA. By 
St Geobgb Mivabt, F. L. 8.^ Lecturer on Comptiralive AruUomy <U 
St Maa^e Hospital. 

The great interest which the order Insectivora has inspired on aooonnt 
of the variety of forms it contains, the exceptional characters which some 
of them present) their geographical distribution and geological antiquity, 
renders a complete investigation of the anatomy of the group pecoliarly 
desirable. 

Although the osteology of the Insectivora has been largely investigated 
by Cuvier^, De Blainville' and others, and though the anatomy generally, 
of some very remarkable types, as Petrodromua^ Rhynchocyon, and Soleno- 
don cubcmus, has been very carefully described by Professor Peters', and 
that of Fotomogale velox by Professors Allman* and J. Y. Bartoza du 
Borage* — ^nevertheless materials do not yet exist for a thorough and com- 
plete anatomical comparison of all the forms of the order. Amongst 
mammals, however, cranial and dental characters when taken together 
with the other main skeletal peculiarities, afford such clear indications 
as to affinity, and are such trustworthy guides in classification, that a 
careful revision of such in the various insectivorous forms (including 
those most recently added to the group), can hardly be devoid of a certain 
value. When recently at Cambridge, my friend Professor Newton was 
80 good as to entrust me with a skin and skull of a specimen of Ericvlus 
TdgreseenSj a form neither represented in the national osteological collection 
nor in that of the Royal College of Surgeons. At the British Museum, 
however, I have been enabled to examine the skulls or skeletons of £ri- 
naceus, Gymnura, Centetes, Echinops, Tupaia, Ptilocercus, Rhynchocyon, 
Petrodromus, Macroscelides, Talpa, Scalops, Mygale pyrenaic% Urotrichus, 
Chiysochloris, Sorex and Galeopithecus. At the College of Surgeons 
I have similarly had the opportunity of studying Erinacens, Gymnura, 
Centetes, Talpa, Chrysochloris, Sorex and Galeopithecus. Nevertheless 
a complete comparison of all the more important crania would have 
been impossible but for the singular kindness of Professors Peters and 
AH man; Professor Peters having, with the greatest liberality, forwarded 
to me from Berlin the precious skull of Solenodon cvbanue^ and Professor 
Allman having similarly transmitted to me from Edinburgh the not lesa 
valuable cranium of PotomogcUe velox. 

With these materials at hand I propose to review successively the 
cranial and dental characters of the several genera of the order, and to 
add any other osteological details that I have been able to ascertain, 
banning with six typical and more or less well known forms; then to 
state the affinities which such characters appear to me to indicate, and 
finally to give such distinctions between the several groups as I have 
been able to detect myself or to collect from the observations of my pre- 
decessors. 

As, however, this paper must be published in two parts, I think it well 
at once to state the arrangement of the Insectivora which my observations 
have led me to consider the most naturaL As will be seen, this classifica- 
tion agrees very nearly with that proposed by Professor Peters', differing 
mainly in the separation of the ChrysochUmdm from the Talpidce, and 

1 Lefont d^Anat. Comp, 1887> i. and ii. ' OitSograpkie — Ifuectivore$, 

s BeUe nock Mosambiquey pp. 92—110. PL XX— XXIV. Abhand. der K'&niglichen, 
Akad, der WiisenBchaften zu Berlin. 1864. pp. 1—22. PL I. to III. 
^ Trans. ZooL Sae. vi. pp. 1 — 16. PL I. and II. 

* At a meeting of the Lisbon Academy on the 27th of April, 1865. 

* Abhand. d. k, Akad. WUsenteha/ten zu Berlin. 1864. p. 20. 
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in the elevation of Fotomogale into a distinct fiunilj, as was suggested 
by Professor AHman'. 

iNSECnyOBA. 

Family I. OALEOPiTHBCiDiE. Qaleopithecus. 

IL MACROSCEUDiDi& MacroBoelides, FetrodromnSy Khyncho- 

cyoD. 
IIL TuPAnDiE. Tapaia, Ptilooercas, HylomjSL 
lY. Erinaceid^ Gynmura, Erinaoena. 
y. OENTETiDiE. Centetes, Erioulos^ Echinops, Solenodon. 
YX PoTOMOOALiDJE. Potomogala 
YII. CHRYSocHLOBiDi& Chiysoclilorisy Caloochloris. 
Vni. Talpidjb. 

Sub-&mily I. Taipina. Soalops, Scapanos, Condylura, 

Talpa. 
2. Myogalifia. TTrotrichoSy Myogale. 
IX« SoBiciDiE. Sorex. 

L Ebinaceub'. In this fiuniliar form the cranium is rather short 
and broad, aod, as Cuvier remarks', when viewed from above ^'i^pears 
rather cylindricAl than conical". It would be still more so but that it 
is much contracted transversely behind the orbita The skull is broadest 
between the posterior roots of the zygomata, which latter are complete 
though somewhat slender arches. The orbits are not only incomplete 
behind, but there is not even any trace of a poet-frontal process. Anteri(Hrly 
and posteriorly the skull is more or less truncated, the occiput being 
nearly vertical and the anterior nares sloping gently backwards from 
below. A strongly projecting ridge runs upwards in front of the orbit 
fr'om the anterior margin of the lachrymal foramen, in front of which 
its lower end forms a more or less projecting process. This ridge is more 
or less distinctly continued backwards over the summit of the cranium tiU 
near the posterior end of the frontal, where it meets its fellow of the opposite 
aide, and the two unite to form a prominent sagittal ridge, which last how- 
ever does not project so much as the lambdoidal one running between 
the posterior ends of the sygomata. The temporal fossa is exceedingly 
large, the £su^ slightly concave above the anterior opening of the infrar 
orbital canal and the summit of the cranium is also concave transversely 
between the orbits. The palate is rather wide and, in most cases, slightly 
widest between the penultimate molars. It is concave antero-posteriorly, 
and a slight median ridge runs in that direction for its whole length. Two 
large defects of ossification produce obloug openings (one on each side) 
for about its posterior third and the posterior border of the palate, 
is occupied by a strongly projecting transverse ridge situated some little 
distance behind the last molar. Behind this ridge is a small transverse 
bony plate, the outer sides of which are continuous with the outer waUs 
of ^e two pterygoid fossie, while from the middle of its posterior border 
a sharp point projects strongly backwards. The pterygoid foassB are very 
well developed, and the outer wall of each is somewhat larger than the 
inner one, and is continued backwards to the auditory bulla as a ridge 
internal to the foramen ovale. This ridge, or ectopteiygoid plate, is im- 
perforate, there being no alisphenoid cazial\ The mesopterygoid fossa is 

^ TroM. ZooL Soc. yi. p. 15. 

* Skull well represented in De Blainville'B OstSographie — Insectivores. PL YI. For 
Dentition, see PL X. Also F. Garier*s Dent, des Mammifhre*^ No. XYI. and Owen's 
Odontography, n. PL CX. fig. 5. 

* Le^oru d'Anat, Comp. 1837. n. p. 198. 

^ For a description and definition of tbis oanal, as also of the external alisphenoid 
canal, see the excellent paper by H. N. Tomer, Jnnr., in Pro^ ZooL Soc. 1848. pp. 64 
and 65. 
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large, and ooniinuea of about the same breadth till it ends in a hemi- 
spherical excavation (which has no foramen in ite roof) bomided by the 
peculiar basi-sphenoidal processes which bend outwards to complete the 
auditory bnlla. The foramen magnum looks directly backwards^ and on 
each side of it is a paroccipital process, anterior to wluch, and separated by 
a notch, is a true mastoid process united with the poet-glenoid process 
of the squamosaL The glenoid sur&ce is nearly flat, but a small ento- 
glenoid process produces a slight transverse ooncavi^. The cribriform 
plate IB very large, but the pre- and basi-sphenoids are but little enlarged 
or swollen by intmial sinuses. A venous groove traverses the inner wall 
of the cranium from the petrosal to the orbito-sphenoid. The premairilla 
is of considerable size, and ascends beside the nasal so as (sometisieB at 
least) to meet the anterior prolongation of the finMstaL The nasals are 
very narrow, but remain distinct from each other : they extend backwards, 
on the roof of the dunium, almost as &r as do the maxillia The parietals 
form a larger part of the roof of the cranium externally than do the frontals, 
which they considerably overlay. The malar is very small and is suspended 
on the outside of the zygomatic arcL The only part of the squamosal which 
appears on the inner wall of the cranium is a small part near that which ex- 
ternally articulates with the mandible. The mastoidsd portion of the periotic 
appears largely on the outside of the skull, where it is subtriangular, with 
the apex upwards. It bifurcates below, the smaller portion, contributing to 
form the paroccipital process, the larger portion uniting with the post- 
glenoid process of the squamosal'. 

The mandible has its ascending ramus very concave externally, and its 
posterior margin, between the condyle and the angle, is very deeply con- 
cave. The horizontal ramus is very narrow behind the last moliur. The 
inside of the ascending ramus above the mylohyoid foramen is convex. 
The condyle is much extended transversely, and the coronoid process does 
not ascend veiy much above it when compared to the distance of the con- 
dyle from the angle. This angle is very slightly flattened from above 
downwards, and inflected in a trifling degree. There is no prominenoo 
anterior to the angle developed from the inferior margin of the mandible. 
A single or double precondyloid foramen exists on each side, and in front 
of it a jugular foramen, but there is no distinct carotid foramen. There is 
a venous perforation in the squamosal (or between it and the parietal) im- 
mediately above the post-glenoid process. Internally it communicates with 
a deep groove, for a venous sinus^ at the jiuiction of the squamosal, parietal 
and periotic This ainus communicates with the exterior by means of a 
glenoid foramen between the post and entoglenoid processes. The foramen 
ovale is entirely surrounded by the alisphenoid. The foramen rotundum is 
^parated from the sphenoidal Assure by a very delicate bony lamella', 
which however may be sometimes absent. The last-mentioned fissure is 
of moderate size, but the optic foramen is small, and opens externally below 
three or four other foramina, each of which is almost or quite as large as 
itself. The optic foramen opens anteriorly some distance from the posterior 
margin of the orbito-sphenoid, while posteriorly it opens dose to that 
margin, so that the optic nerve traverses a moderately long bony canal. 
Another foramen opens externally into the inuer wall of the sphenoidal 
fissure, and is almost hidden from observation by the alisphenoidal lamella 
enclosing that opening. This aperture may be csJled the suboptic foramen ; 
it is situated below and very slightly behind the posterior opening of the 
optic canaL It does not open into the cranial cavity, but into one con- 
tained in the presphenoid, and thence into the most posterior chamber of the 
nasal cavity. It also communicates with its fellow of the opposite side". 

' As Be Blainville observes, loe, eit. p. 87. ' Cuvier, toe. cit, p. 466. 

* This foramen, so small in ErinacetUf is large in Gymnura and also in Peirodormu 
ani Rkynchocyon. 
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Another most minute foramen opens at the inner mai^gin of the posterior 
opening of the optic foramen, and appears to lead to the same cavity of the 
presphenoid. Of the three or four foramina opening extemallj above the 
optic foramen, the two, most anterior, are orbital foramina leading to the 
rhinencephaUc fossa just in front of its posterior boundary. The two others 
are venous foramina, the anterior one, opening on the frontal, is the anterior 
aperture of a canal running backwards and opening internally at the junc- 
tion of the frontal, parietal and alisphenoid, at the anterior end of the venous 
groove before mentioned on the inner wall of the side of the cranium. The 
posterior of the two venous foramina has a similar termination behind, ante- 
riorly it opens either in the fi'ontal or near its margin. The posterior pala- 
tine canal is very short, below it opens by a single foramen immediately in 
front of the outer end of the thickened posterior transverse ridge of the 
palate. The spheno-palatine foramen is situated rather fiir backwards, and 
just opposite the foramen rotandum a spicule of bone passes backwards 
above it to the anterior margin of the lamina enclosing the sphenoidal fissure 
externally; so that the spheno-palatine foramen and foramen rotundum 
have but one common opening into the temporal fossa. There is one 
anterior palatine foramen on each side; it is bounded in front and within by 
the premaxilla, behind and externally by the maxilla. The infra-orbit^ 
foramen is single and of moderate size. It is the anterior opening of a 
tolerable long canal. The lachrymal foramen opens just in front of the 
anterior margin of the orbit The mental foramina open near together 
beneath the last premolar. 

The dentition appears to me to be 

3_3 1—1 3—3* 3—3 20 

^•2—2' ^ l—V ^-^2=2^' ^3=3 "16" 

Tn the upper jaw the first incisor is a large obtusely pointed single-&nged 
tooth, very widely separated fix)m its fellow of the opposite side above, but 
less so below, the two converging as they descend ; each is convex externally, 
but rather fiat within. The 2nd incisor is very small, being the smallest 
tooth in the upper jaw; it is simple single-fanged and obtusely pointed tooth. 
The 3rd incisor is very close to the premaxillary suture, but, nevertheless, its 
single root is entirely confined to the premaxilla. It is single-fimged and 
single-lobed, and its crown, though larger than that of the second, is much 
smaller than that of the first incisor. The next tooth being the most 
anterior of those of the maxilla I take to be the canine. It is generally 
described' as having two roots, as it mostly has; but I have found it in 
some oases to have but one. Its crown is larger and more acutely 
pointed than in either of the posterior incisors, though it is not nearly 
so long as that of the first incisor. There is generally a considerable in- 
terval between the canine ^and the 3rd incisor. The first premolar is 
smaller than the canine; it has a single root and crown, but the external 
cingulum is more marked than in any of the preceding teeth. The 2nd 
premolar is still less extended vertically, but is slightly more so from 
within outwards. It has two or three roots. Externally the cingulum 
is very marked, and almost forms two extra minute cusps, one at the ante- 
rior, the other at the posterior end of the outside of the root of the orown. 
Internally the cingulum is so developed ^ to give rise to an internal low 
tubercle, which causes the greater transverse extent of the tooth as com- 
pared to that of the first premolar. The 3rd premolar is a very large 
tooth, and the difference between it and the 2nd is greater than that be- 
tween any two other contiguous teeth of the upper jaw, unless it be 

^ E, ^thiopieug Shbg. is said to have bnt two upper premolan on eftoh side. 
< De Blainville, loc. cU. p. 58, and F. Cayier, in his DenU dee Mammifires, PI. XVI. 
fig. 1, represents it with two roots. 
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between the two last molar& It is tricaspidate, but the very largely- 
developed external cingolum almost forms a fourth tubercle behind the 
base of the single external cusp. This external cusp is very long and 
pointed. Of the two internal cusps the anterior is more developed than is 
the posterior, though it is not nearly so much so as is the great external 
cuAp, which is the most vertically extended of all those of the upper 
molars. The first true molar is the largest tooth in the upper jaw; it is 
qnadricuspidate with a cingulum well-marked all round, but which is very 
large externally, and forms a sort of fifth tubercle behind the base of the 
postero-extemal cusp. The two external cusps are of subequal vertical 
extent, and slightly exceed in that respect the internal cusps, the posterior 
of which is somewhat shorter than the anterior. When the tooth is but 
little worn an oblique ridge ' may be seen connecting the postero-extemal 
with the antero-intemal cusps. The 2nd true molar is similar to the first 
except that the tooth is smaller, that it narrows more posteriorly, the 
transverse diameter of its hinder part being decidedly less than that of its 
anterior half. The third molar is very small, with only one conspicuous 
cusp and a very small one anterior to the large one. The tooth is ob- 
liquely placed and laterally compressed, one suiiace looking forwards and 
inwards, ^e other outwards and backwards. 

In the lower jaw the anterior incisor is large and very obliquely placed, 
convex externally and flattened within ; the 2nd is the smallest tooth of the 
lower jaw, and, like the other incisors, is single-rooted and single-lobed. 
The canine has its crown much antero-posteriorly expanded, but though 
larger than the 2nd incisor is not nearly so large as the first. The first 
premolar is very small, single-rooted, but with a bilobed crown. It is but 
veiy little larger than the 2nd incisor. The 2nd premolar is a tricuspid 
tooth with a posterior talon, one cusp being postero-extemal, another 
postero-intemal, and the third anterior. Of these the postero-extemal cusp 
is the most developed verticaUy, indeed decidedly more so than any other 
molar cusp of the lower jaw; it has also a strongly-marked talon at its base. 
The anterior cusp la considerably higher than die postero-intemaL The 
first true molar bears five cusps, the anterior and the middle being con- 
nected by two ridges, and together forming a crescent with the concavity 
turned inwards. The two posterior cusps are connected together by a 
transverse ridge. The cusps are very nearly of the same height, but the 
two posterior are rather lower than the anterior. The 2nd true molar is 
similar to the first, except that it is somewhat smaller, and that the anterior 
cusp is less developed. The 3rd true molar is very small, al most single-cusped ; 
and there is a greater difiference of size between it and the 2nd molar 
than there is between any other two contiguous teeth of the lower jaw. 

As regards the rest of the skeleton of Erinaceus it may be observed that 
there are 14 or 15 dorsal vertebrsa, 5 or 6 lumbar, 3 or 4 sacral, and the caudal 
vertebne are not numerous. The spinous process of the axis is only of mode- 
rate size; the cervical vertebre posterior to it have short spinous processes. 
The cervical transverse processes are not much antero-posteriorly expanded, 
and the dorsal spines are short The lumbar vertebrsa have small trans- 
verse processes, metapophyses and anapophyses, but no hyperapophyses'. 
There are no hypapophysial processes. The lumbar spines are very little ex- 
panded antero-posteriorly. The manubrium is not keeled nor very prolonged. 
The clavicles are elongated. The scapula has the supra- and infra-spinous 
foaste of subequal size. The acromion is very large, and has a large meta- 
cromion process, pointed at its extremity, not truncated. The humerus is 

1 As remarked by Professor HaiJey in his (as yet imprinted) Honterian Lectures 
for 1865. 

* For a description and definition of this process (hyperapophysis), see Pro, Zool. 
Soc. 1865, p. 576, and figs. 7, 8, and 9, pp. 574 and 579. 

VOL. L 20 
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somewhat longer than the scapula, and has generally* no supra-condyloid 
foramen, but an intercondyloid perforation. The radius and ulna are 
complete and distinct. The carpus is provided with a scapho-lunar bone 
and a small os intermedium. 

The pelvis is very wide^ with a very small pubic symphysis, and some- 
times even with none. The ilium is not markedly concave either within 
or without. The femur has a strong external gluteal ridge representing a 
third trochanter. The tibia and fibula are anchylosed together for almost 
half their length, and there ia a marked fossa at the lower end of their 
conjoined anterior surface. The metatarsus is short 

II. Talpa*. The second very common insectivorous genus, the 
Mole, has a skull which tapers fi:x)m behind forwards in a remarkable 
degree; the cranium being exceedingly broad at its posterior part, both as 
compared to its anterior part, and as compared to the small vertical 
dimension of the skull. Its greatest breadth is situated very &r back, 
being decidedly behind a line joining the meati auditorii extemi, and still 
more posterior to one extending between the posterior ends of the zygo- 
mata, which latter are complete though exceedingly slender arches. The 
orbits are not only incomplete behind, but there is not even any trace of a 
post-frontal process, though when the skull is viewed from aboife there is 
a scarcely perceptible lateral constriction a little behind the fr^nto-paiietal 
suture. The skull is truncated at neither end and the occiput slopes much 
forwards. There are no strongly-marked cranial ridges, but two slight 
undulating ones ascend from the external auditory meati and meet the 
rather more marked transverse lambdoidal one. There is no ridge or 
process whatever at the anterior part of the orbit The temporal fossa is 
small The palate is elongated, and between the last molar is as wide 
as, or slightly wider than elsewhere; it is slightly concave antero-poste- 
riorly, but with no distinct longitudinal median ridge. There is on each 
side a small opening at about the anterior end of the posterior third of the 
palate, the extreme posterior margin of which presents a hardly noticeable 
thickening, situated just behind a line joining the posterior margins of 
the ultimate molars. There are no distinct pterygoid fossae, the cranium 
being swoUen at that part and presenting no ectopterygoid plate. There 
is also no alisphenoid canal. The mesopterygoid fossa is sharply defined, 
and becomes narrower transversely as it proceeds backwards, but does not 
end in any hemispherical or other excavation. The foramen magnum is 
large and looks as much downwards as backwards, the opening extending 
rather far forwards on the basis cramii. The condyles are also large, but 
there are no paroccipital or mastoidal projections. The glenoid surface is 
triangular and very small, situated immediately above the foramen ovale 
and rather high up; the cranial wall serving the purpose of post- and ento- 
glenoid processes. The cribriform plate is very large, but the pre- and basi- 
sphenoids project but little into the cranial cavity. The periotic, on the 
other hand, is very salient, the semicircular canals being exceedingly large 
and conspicuous, and the cerebellar fossa relatively enormoua The cranial 
bones generally, especially the &cial, anchylose together very early, but the 
premaxilla appears to be very small, and no malar is to be detected. The 
parietals are extensive and form the far greater part of the cranial roof not 
formed by the enormous supra-occipital. The last-named bone joins ex- 
ternally a large sub-pentagonal lamellar enlargement of the periotic, to 
which the name FteroHc has been applied by my friend Mr W. K. Parker. 

^ In a specimen of E, AvHtus, No. 1070 a, ui the British Musemn, there is a distinct 
sapxB-ooiulyloid foramen. 

' The akeleton is well shewn in PI. I. of De Blainyille's Oit^ograpkU'^nseetivore*. 
For the skull see PI. Y. For the dentition PI. IX. Also F. Guvier's DmU de» Mammi- 
fhre$, No. XXI., and Owen's Odontography^ PI. CX. fig. 8. 
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The meattu audUaritu extermu opens far forwards and much below the 
glenoid imr&oe. The mandible has its horizontal ramus long and narrow, 
and sometimes especially so behind the last molar. The symphyBis is short. 
The ascending ramus has a rather small vertical and laige antero-posterior 
dimension. The outer side of the coronoid process is decidedly concave, 
its inner side very slightly so. The outer side of the angle is convex, its 
inner side concave, especially near the interior dental foramen. The con- 
dyle is very small and very little transvosely extended, yet slightly more 
so than antero-posteriorly. The coronoid process is obtuse and truncated 
at its summit; it rises above the condyle, but not to a level with the summit 
of the cranitmi. The angle projects strongly backwarda^ so that the 
posterior ma^n of the ramus (between the condyle and angle) is very 
concave. It^is so £Etr inflected that its inner sur&ce looks slightiy upwarda. 

There is a very small preoondyloid foramen on each side; close in front 
of it is a juffular foramen, and about twice as &r in front afiain is a rounded 
carotid fora^. A venoua opening surronnds on thrJ^deo the epiotie 
(which is in the form of a subquadrate lamellar process of the periotic) 
and separates i^ posteriorly from the ex-occipital, superiorly fr'om the supra- 
occipital, and anteriorly from the pterotic, or large pentagonal plate of the 
periotic before mentioned. Another venous opening is situated behind the 
posterior end of the zygoma, between the last-mentioned pterotic plate^ 
the parietal and the squamosal, but there is no glenoid foramen. The 
foramen ovale is rather large, and situated directly beneath the glenoid sur- 
&oe. The foramen rotundum and sphenoidal fissure are both represented 
by a single opening, which is enclosed externally by a delicate lamella. 
There is, according to Cuvier', a distinct optic foramen. One orbital 
foramen, at leasts exists on each side. A rather large posterior palatine 
foramen opens in the hinder margin of the palate, and is enclosed posteriorly 
by a very delicate spiculum of bone. There are also several small palatine 
perforations besides the two larger defects of ossification before mentioned 
The spheno-palatine foramen is large and forwardly situated, namely, in 
frt>nt of the posterior palatine foramen and just above the last molar. 
There is a small anterior palatine foramen in each side. The infrnrorbital 
foramen is enormously large, and limited above by a bar of bone as slender 
as- the zygoma itself. The lachrymal foramen is small, and situated rather 
£ur forwards on the cheek above the ante-penultimate molar. The 
foramina open on the outside of the anterior half of the horizontal ramus 
of the mandible. 

The dentition of this genus has caused much dispute, but perhaps it 
may be best expressed by Professor Owen's formtda' : 

3_3 i_i 4—4 3--3 _ 22 , 

'•3=3' ^rZI' ^"^4—4' "^ 3-3 "382" 

The 3 upper incisors on each side are simple-fanged, small and rather flat- 
crowned ; the most anterior being rather larger than the other two. The 
canine (if such it be) is large and conical, with two fiings. Its crown is 
much more vertically extended than is that of any other tooth in either jaw. 
It is more convex internally than externally, and it has a vertical furrow 
running down the anterior part of its inner surface. The three following 
teeth (premolars) are very small, conical, single-lobed, and double-fanged. 
Each has a rudimentary posterior talon, but this is most marked in the 
hindermost of the three. The next (4th) premolar is much larger, with 
three fiings. Its crown is single, conical, and pointed, and there is a 
marked cingulum at its base, which causes an internal prominence, and 
externally developes a rather large posterior talon and a &int indication 

1 Lf^oni d'Anat. Comp, n. p. 46«. ' Odontography, i. p. 416. 

20—2 
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of an anterior pronxinence al8o\ The first upper tme molar is mach larger 
and there is a greater difference in size between it and the last pre- 
molar than between any other two contiguous grinding teeth of the upper 
jaw. It developes 6 pointed cusps, 3 external, 2 median, and 1 internal. 
The postero-median is the most vertically extended, the internal the 
least so, but the largest antero-posteriorly. The three outer cusps appear 
to be developments of the external cingulum, and the anterior is smaller 
than the two posterior, and sometimes might be easily overlooked. In 
the interspaces between these three cusps, but very near them, the two 
median and more vertically extended cusps descend ; which latter are 
more widely separated from the low but anterior-posteriorly extended 
internal cusps, than they are from the three external. The tooth may 
be described as consisting of two unequal triangular prisms with an internal 
portion larger than either of them, the prisms (of which the anterior is 
much the smaller) being placed side by side, and each with a flat side 
turned outwards, and a cusp at each angle except the two contiguous ones, 
which together have but a single cusp between them (namely the median 
external one of the three formed by the cingulum) ; the ^ larger internal 
portion also developiog a cusp. This internal-cusp is opposite the antmor 
of the two median cusps, so that the tooth may be said to be a tricuspid 
molar with three supplemental cusps developed from its external cingulum. 

The 2nd true molar, slightly larger than the first one, is similarly 
formed, except that the three external cusps (of the cingulum) are rather 
more largely and more equally developed, that the two median (and normal) 
cusps are equally developed, and but little more so than are the three, 
external, and that the internal part of the tooth also shows a trace of 
subdivision into two lobes; there being sometimes a minute posterior cusp 
more or less distinct from the large and autero-internal one. Thus this 
tooth may be said to be quadricuspidate (with the postero-intemal cusp 
very minute) surrounded by a cingidum which developes externally three 
large and equal supplemental cusps. As with the preceding molar, so this 
may be described as consisting of two external triangular prisms and an 
internal part, but here the two prisms are of equal size. In the 2nd molar, 
a? also in the 3rd, no ousp is so vertically extended as is the postero- 
median cusp of the first true molar. The 3rd and last true molar (the 
smallest of the three molars) has only two external, two median, and one 
internal cusp. They are small and but little extended vertically. This 
tooth is formed on the same type as are the other true molars ; only the 
posterior triangular prism is all but obsolete, being only represented by the 
small postero-median cusp. 

In the lower jaw- the incisors and canines are small, simple, single- 
&nged teeth similar in size and form. The first premolar has two roots; 
it is conical, sub-triangular, with a small posterior basal talon, and ia more 
vertically extended than any other tooth of the mandible, except the true 
molars: the next three teeth are similar in form but are all smaller. They 
increase progressively in size, from before backwards, the first of the three 
(i.e. the 2nd premolar) being the smallest grinding tooth in the lower jaw. 
The 1st true molar is quinquecuspid, there being two external and three 
internal cusps. Of these the external are rather more vertically extended 
than are the internal, and of the two external the more anterior is slightly 
the higher. The tooth may be described as consisting of two triangular 
prisms placed side by side, each with a flat fiu^e inwards, and an angle 
outwards; therefore placed in a reversed position as compared to the 
triangular prisms of the uppper true molars. The 2nd inferior molar is 
similarly formed to the firs^ except that it is slightly larger, that the three 

1 As well shewn in De BlainyiUe^s Iruectivoretj PI. IX, and in F. Cavier*8 Dents de$ 
Mammifirei, PI. XXTTT. fig. 1. 
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internal cnsps are slightly higher, and that the antero-extemal cusp 
predominates more in vertical extent as compared to the postero-extemal. 
The 3rd is the smallest of the three inferior molars. It is formed on the 
same type as the others, differing only in the smaller development of the 
posterior of its two prisms, and of the antei*o-intemal cusp. 

As regards the rest of the skeleton of Talpa, there are 13 dorsal and 
5 lumbar vertebrae, or according to De Blainville', H dorsal and 6 lumbar, 
and 4 or 5 sacral vertebne. The spinous process of the axis is considerable, 
and there is a minute one in the first, and another on the 3rd cervical 
vertebrse, but the other cervicals ai*e without such, and their neural arches are 
very narrow antero-posteriorly. The transverse processes of the fourth fifth 
and sixth overlap each other, as Prof. Owen* remarks; there are no cervical 
hypapophyses. The dorsal vertebne, eicept the last 3 or 4, are also almost 
destitute of spinous processes, but they have strongly developed forwardly 
projecting lateral processes which appear to answer to both the metapo- 
physes and transverse processes of the lumbar vertebne, where the former 
of these processes are rather largely developed, and the transverse and 
spinous processes moderately so; hyperapophyses are absent. The 4th 
lumUr vertebra haa eometimefl a crest-Uke hypapophysia, and, as Prof. 
Owen has remarked , antigenous hypapophysial ossicles are interposed 
beneath the interspaces of the bodies of the lumbar vertebrsB. The 
manubrium is enormous and strongly keeled, and the clavicle, as ia well 
known, is extraordinarily short and stout, and articulates with the re- 
markably short and ridged humerus, which has its inner condyle perfo- 
rated. The radius and ulna are both complete and distinct, the carpus 
has an intermedvmnj and an elongated curved sickle-shaped extra ossicle. 
The ultimate phalanges of the manus are much longer than the others, 
and bifurcate at their extremity; the scapula has an extraordinarily 
elongated and narrow form, and is longer than the humerus. The acromion 
is very short with no metacromion process. 

The pelvis, as is well known, is extraordinarily long and narrow and 
without a symphysis; the confluent spines of the sacrum form a lofty crest. 
The ilium is very narrow. The short femur has almost a distinct third 
trochanter. The tibia and fibula are confluent for the lower and greater 
part of their extent The metatarsals are shorter than the tarsus or pedal 
digits. The shoulder girdle is situated singularly forwards, obscuring 
the neck. 

III. SoREx\ The third well-known insectivorous family, that of the 
Shrews, presents us with the following condition& The cranium tapers 
anteriorly and more approximates in general outline to that of Talpa than 
to that of Erinaceus. It is broadest some distance behind the glenoid 
surfaces. As is well known, there is no zygoma, nor is the orbit limited off 
from the temporal fossa by any rudiment of a post-frontal process. The 
skull is truncated at neither end, and, in spite of the sometimes strongly 
projectiDg lambdoidal ridge, the occiput slopes strongly forwards. No 
ridge or process is developed in fix>nt of the orbit, but there is some- 
times a rather marked sagittal crest. The palate is rather narrower than 
in Talpa, and sometimes it becomes narrow posteriorily and projects consi- 
derably beyond the last molar. It has no 'defects of ossification, nor any 
median ridge, and rarely any posterior one. There is no pterygoid fossa, 

* Loe, eit, p. 7. 

> Anat(my of Vertebrates, n. p. 886, and EeTporU of British AaodatUmj 1861 and 
Ed. PhiL Journal, 1861, p. 298. 

> BritiBli Association, 1861. 

■• For a representation of the slceleton, see De Blainville, loe. eit. PI. II., for the 
skull, PI. v., and for the dentition, PI. X. Also F. Ouvier, ioc. eit. No. XX., and Owen, 
loe. eit. Pi. ex. fig. 4. 
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and the meso-pterygoid, which continues of about the same breadth 
backwards, ends in no median excavation. A large and peculiar defect of 
ossification exists, as is well known, on each side of the basis cranii^ 
behind the enormous post-ento-glenoid processes. The foramen magnum, 
as in Talpa, looks almost as much downwards as backwards. There is no 
paroccipital process, but a more or less marked mastoidal (1) projection. 
The glenoid sur&ce, as in Talpa^ is much more anteriorly situated than in 
ErinaceuSy and looks forwards from the great development of the postr 
ento-glenoid process. The premaxillie, according to the researches of 
Dr Ed. Brandt^, are of lai'ge size, giving rise to 4, 6 or 8 incisor teeth« 
The facial bones, including the nasals, early anchylose together. The 
supra-occipital is very large. The mandible has much the form of that of 
TalpOy except that the horizontal ramus is much shorter. The external 
surface of the ascending ramus is less concave, however, while its internal 
surface, is very much more so, presenting a very lai^e and singularly 
deep excavation, quite characteristic of the genus. The condyle is veiy 
peculiar, the greater part of its articular sur&ce being situated somewhat 
inferiorly and looking backwards (for the post-glenoid process) instead of 
upwards. The angle is very attenuated and elongated. The foramen 
rotundum appears to be replaced by an enlargement of the sphenoidal 
fissura There is a foramen placed just within the post-ento-glenoid pro- 
cess. This is said by Cuvier' to be the foramen ovale. Another 
smaller foramen id placed a little nearer to the middle line of the basis 
crami. The infrsrorbital foramen is of considerable size and limited 
posteriorly by a thick bar of bone. The dentition of the genus is very 
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characteristic, and appears to consist of i. - — ^ or ^ — =- or = — =- , a = — =- , 
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p. If. = — r or - — =- , M. "5 — rt . The first incisor is much larger than the 

others, and has always two cusps. The other incisors become successively 
smaller, and the canine is always smaller than the smallest When there 
are two upper premolars the first is very simple and is the smallest tooth 
in either jaw. The second, or — when there is but one on each side — ^the 
only, premolar is a very large tooth with three or four £mgs, all the pre- 
ceding teeth being single-rooted. There is a greater difierence in size 
between it and the preceding tooth than there is between any other con- 
tiguous teeth in the whole dentition. It consists of one large external 
cusp (the most vertically extended one of all the molars) supplemented by 
two minute ones, one anterior, the other posterior. It has also a consider- 
able projection inwards, but this scarcely gives rise to a distinct cusp. 
This tooth has a certain resemblance to the corresponding one of Talpa^ 
but it is much larger in all dimensions; the anterior supplementary cusp is 
very much more marked, as also the internal projection. Such is its con- 
dition in S. murinuSf but in some others, e.g. S, /odiens, it is still hunger 
relatively, and consists' of three external cusps (the middle one of which 
predominates but little over the others), while the internal production of 
the tooth gives rise to two low prominences. 

The first upper true molar developes seven pointed cusps — 3 external, 
2 median, and two internal The postero-median is the most vertically 
extended, the postero-intemal the least so. The three outer cusps are doubt- 
less developments of the external cingulum, and are subequal in size, or 
else the median rather predominates. The tooth is formed on the same 
type as the corresponding one of Taipa, only the external and median 
cusps are more equal in size and the internal part of the tooth is lai^ger. 
It may similarly be described as consisting of two more or less unequal 

1 Hs&rfeAOBauii o 3y6iioH caareat syropi bju seiMepoen.— 1865. 
' Loc. ciL Vol. 11. 
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triangalar prisms placed on a base which has an internal bicuspiclate 
projection larger than either of them ; the prisms (the anterior of which 
is slightly or decidedly the smaller) being placed side by side, and each 
having a flat side turned outward& There is, as in Talpa^ a cusp at each 
angle except the two contigaons ones, which together have but a single cusp 
between them (namely the median external one) ; the large internal portion 
of the tooth also developing a large anterior cusp and a small posterior 
prominence. The 2nd true molar, of about the same size as the first, 
is similarly formed except that each of the two contiguous angles of the 
prisms develops a minute cusp, so that there are 4 external, 2 median, 
and 2 internal. It differs from the corresponding tooth of Talpa^itL the 
greater equality between the external and median cusps and the greater 
sise of the internal part of the molar. The last upper grinder is the 
smaller of the three true molars, and there is a greater difference between 
it and its predecessor than is the case in Talpa, In form it closely resem- 
bles its homologue in the last-named genus, and consists of the external 
and 2 median cusps and an internal prominence — the posterior prism being 
all but obsolete and only represented by the small postero-median cusp. 

In the lower jaw there is, as is known, one very elongated pointed incisor 
on each side, which sometimes has several cusps or denticulations. The 
canine is a small conical tooth, the smallest of the lower jaw. The pre- 
molar is somewhat larger, but simple and conical, with a very small posterior 
talon. The first true molar is quinquecuspid, there being 2 external and 3 
internal cusps. Of these the external are more extended vertically than 
are the internal ; and of the two external the anterior is considerably the 
higher (predominating more than in Talpa)f and in some (e. g. S. fodiens) 
the tooth consists of two triangular prisms placed side by side, each 
with a fiat &ce inwards and an angle outwards. In S. murinua^ however, 
this tooth veiy closely resembles the corresponding one of Erinaceus, the 
three anterior cusps, with their connecting ridges, forming a crescent with 
the concavity turned inwards, while the posterior cusps are connected by a 
transverse ridge. The 2nd inferior molar in size and form closely re- 
sembles the first. The 3rd is the smallest of the three inferior molars, but 
is similar in form to the others, except the very small size of its posterior 
part, which aborts more than in TalpOy though not as in Brinacetts, 

As regards the rest of the skeleton of Sarex, there are from 13 to 15 
dorsal, 5 or 6 lumbar, and 4 or 5 sacral vertebrsB. The axis has a mode- 
rately large spinous process, but the other cervical vertebrffi are either 
without such or have only very small ones. Their neural arches are gene- 
rally very narrow antero-posteriorly, though in S, mwrirma this is not the 
case. As De BlainviUe has remarked ^ there are very large and character- 
istic cervical hypapophyses. The transverse processes of the cervical verte- 
brse overlap each other considerably, but not as in Talpa, The dorsal 
vertebro have sometimes small low spinous processes, but often many of 
the anterior ones have none. They have however strongly developed, for- 
wardly projecting lateral processes, well seen in S. murinus. The lumbar 
vertebne are destitute of the small hypapophysial ossicles and large meta- 




7 trunk vertebra of Sorex. 2 natural size. 

pophysial processes of TtilpcL On the other hand, they have small anapo- 
physes and transverse processes and very well marked hyperapophyses. 

^ Loe. ciL p. 23. 
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The zaanubrinm is more or less large and T shaped, bufc not keeled. 
The dayicle is small and slender, and does not articulate with the humerus. 
The scapula is short and broad compared to that of Talpcb, Often there is 
a large spine, but absolutely no supra-spinous lamina. In S. mva^vuBj 
however, the latter is large, and there is a large metacromion process as 
well as the normal acromion, the process appearing to biturcate peculiarly. 
The humerus is sometimes longer, sometimes a little shorter than the 
scapula. It is not cylindrical, but much ridged. Its inner angle is gene- 
rally perforated through ; in 8. mwrinvs it is not so. The radius and 
ulna are complete and distinct, the carpus has a scapho-lunar bone, but 
no OS intermedium', and no sickle^haped ossicle, and the ultimate pha- 
langes do not bifurcate, and are shorter than the proximal ones. The 
pelvis is long and narrow, and instead of a symphysis it is widely open 
below. The femur has a third trochanter, and the tibia and fibula are 
confluent for the lower half of their extent. 

lY. TuPAiA*. The skull of this Asiatic genus has a very different 
aspect from that of any of the three common forms already noticed, taper- 
ing anteriorly, as it does, both vertically and transversely more than in any 
of them. The skull is broadest between the posterior roots of the zygomata 
(which are complete though slender arches), and its roof is but little narrowed 
between the orbits, — the attenuation b^ng confined to the muzzle. The 
orbits are large and completely encircled by bone, a long and slender post- 
orbital process of the frontal descending to join the malar. The skull is 
truncated neither anteriorly nor posteriorly, the occiput sloping upwards 
and backwards, as also the anterior nares. There is no distinct ridge in 
front of the orbit^ but the anterior margin of the latter is sharply 
prominent, and towards its lower end a process projects backwaids 
immediately above the lachrymal foramen. fSrom the post-orbital process 
a ridge extends backwards and inwards over the cranium till it meets its 
fellow of the opposite side, when the two unite to form a short sagittal 
ridge, which joins the more prominent lambdoidal one extending between 
the posterior roots of the zygomata. The temporal fossa is exceedingly small, 
and no noticeable depression marks the sides or summit of the fiioe or 
cranium proper, and the middle of the dorsum of the muzzle is convex 
transversely. The palate is long and narrow, but widest between the 
last molars. It is slightly concave antero-posteriorly, and has no median 
ridge or posterior thickened border. The hinder margin is slightly concave, 
and may extend about as much backwards beyond the last molar as the 
antero-posterior diameter of that tooth, or it may be on a line with its 
hinder end. Small irregular defects of ossification mark the posterior third 
of the palate. The pterygoid fossa is veiy peculiar ; it is very small and 
situated much behind the posterior margin of the palate, which it does not 
approach by reason of the short and peculiar ecto-pteiygoid plate, which is 
a very small and pointed process projecting downwfoxls, Imckwards and 
outwards, immediately beneath the foramen rotundum. This plate is only 
perforated by an external ali-sphenoidal canal* which traverses its root 
The meso-pterygoid fossa is very wide, but becomes slightly narrower as it 
proceeds backwards. It ends posteriorly in no excavation, but its roof is 
continued onwards imintemiptedly into the posterior part of the hcuM 
cranii. No processes of the basi-sphenoid appear to contribute and form 
the auditory bullsB, which are smooth, completely ossified prominenoea 
The foramen- magnum looks almost as much downwards as backwaids; 

^ According to De Blainville, loc. eit. p. 25. 

* The skeleton is represented by De Blainville, loc. cit. PI. III. For the slrall see the 
same, PI. YI. For the dentition the same, PI. X. Also F. Cavier, loc. eit Mo. XYEL, 
and Owen, toe. eit. PI. CXI. fig. 8. 

' For an account of this canal, see Pro. ZooL Soc» 1848, p. 65. 
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tiiere is no paroodpital prooesB, and but a radiment of a mastoidal ona The 
glenoid soi^oe is nearlj flat^ and there is but a yerj small radiment of a 
post-glenoid process, the meaitu audikmua extenwa serving to limit that 
Bui&ce posteriorly, and the projecting anditoty bulla forming its internal 
limit. The premaxiUa is of moderate size, but is separated from the frontal 
by a considerable intervaL The nasals remain distinct, about as long as 
the other facial bones, but all the bones of the skull appear to anchylose 
together with tolerable rapidity. The nasals extend backwards, on the 
upper sur&ce of the skull, about as far as do the mazills. The malar has a 
large perforation. The mandible has a long and very low horizontal ramus. 
The coronoid process is well developed, and rises considerably above the 
condyle, which is much extended transversely. The angle is small and 
projects downwards before curving upwards, so that the outline of the 
hinder part of the inferior margin of l^e mandible is concave. The angle 
is very slightly inflected, its inner surface being concave and looking 
slightly upwards 

There is a small carotid (1) foramen at the margin of the auditory bulla, 
immediately opposite the middle of the occipital condyle, also a small 
glenoid foramen. The foramen ovale is represented by a narrow opening at 
the anterior margin of the auditory bulla, and widely separated from the 
sphenoidal fissure^ which latter is distinctly separated from the foramen 
rotundum. The optic foramen is very large, and separated frY>m the sphe- 
noidal fissure (which is quite or almost equal to the former in size), only by a 
very delicate spiculum of bone, and there is no sub-optic foramen. As has 
been said, there is a large malar foramen, also an external alisphenoidal 
canal traverses the root of the ecto-pteiygoid process. The external 
opening of the meatus audUarius extemuB looks mainly outwards, and is not 
separated by the glenoid foramen from the posterior root of the zygoma. 
There is a distinct supra-orbital foramen, the infrarorbital one is small and 
opens externally at the anterior end of a more or less long canaL The 
spheno-palatine foramen is situated far forwards above, but internal to, the 
penultimate molar. The lachiymal foramen opens at the anterior margin 
of the orbit, and rather without than within it. There is a large posterior 
palatine foramen and a considerable anterior palatine one. Two dental 
foramina open beneath the first and second inferior premolars. 

m. A *•.• • . 2—2 1—1 3—3 3—3 18 „^ 

Theaentitionisi.5-^,c.j— j,p.M.g-g,iL3-3=^ = 38. 

In the upper jaw, the first incisor is of moderate size, conical, curved, 
and separated by an interval from its fellow of the opposite side, the two 
converging very slightly as they descend. The 2nd upper incisor is of 
about the same size as the first' and of similar shape, but is separated from 
it by a considerable interval. The canine appears externally at some little 
distance behind the pre-maxillary suture, and is separated from the second 
incisor by an interval about twice as great as that which divides the latter 
from the first incisor. The first premolar is shorter than the canine, and, 
unlike the latter, has two roots. Its crown b simple and conical, but there 
is a trace of a posterior talon. 

The 2nd and 3rd premolars are the most vertically extended grinding 
teeth of the upper jaw. They each consist of one long conical cusp sur- 
rounded by a cingulum, which externally gives rise to one small prominence 
(or cusp) in front of, and another behind the principal cusp, and internally 
developes another, which however (as well as the small external cusps) is 
more marked in the 3rd than in the 2nd premolar. 

1 The anterior indsor is rather large, and deeidedly larger than the posterior one in 
T. ndieawUUa^ judging from the skiiU in the British ifnaeam, No. 1450, and 48, 1, 27, 
14, wbioh was extracted from the staffed skin, No. 47, 7, 8, IS. 
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The 1st molar* may be said to present 8 cusps', 4 external, 2 median, 
and 2 internal The 2 median cusps appear to answer to the single ope of 
the premolars, the 4 external are very small (especiaUy the middle two), and 
are developments of the external part of the cingulum, while its internal 
part (much larger here than in the premolars) appears to give rise to the 
two internal cusps, the posterior of which is very smalL The largest of all 
these cusps is the antero-intemal ; the postero-median is slightly more 
extended vertically than is the antero-median. Thus, this tooth has a con* 
siderable resemblance to the corresponding tooth of Talpck, and may be also 
described as consisting of two unequal triangular prisms, with an internal 
portion larger than either of them ; the prisms (of which the anterior is 
the smaller) being placed side by side, and each with a flat side turned out- 
wards and a cusp at each angle. The 2nd molar resembles the Ist, except 
that the prisms are of almost equal size^ and that generally the postero- 
internal cusp is still m9re rudimentary. The 3rd and last molar is much 
smaller, and, as in TcUpa^ consists (when unworn) of 2 external, 2 median, 
and 1 internal cusp, the tooth being formed on the same type as the true 
molars; the posterior prism, however, being all but obsolete, and only repre- 
sented by the postero- median cusp. 

In the lower jaw the Ist incisor is in contact with its fellow of the 
opposite side, and the 2nd joins the 1st. These teeth are long, slender, 
of equal length, and procumbent like those of Lemurs, and the 2nd much 
resembles the lower incisors of the Tndrisino^. The 3rd is slightly 
separated from the 2nd, and only about half the length of the latter. The 
canine is much larger, is conical, curved, and with the point directed 
upwards. There is a small interval between it and the 3rd incisor. The 
1st pi*emolar is small, simple, conical, pointed, and slightly curved, however, 
with a trace of a posterior talon. It is generally separated from the canine 
by a rather long interval. The 2nd premolar is larger and sub-triangular, 
consisting of one large cusp, with one very small additional one at its base 
behind, and another in front. The 3rd premolar closely resembles the 
single lower premolar of Erinaceu8y and is a tricuspid tooth, one cusp 
being postero-extemal, another postero-intemal, and a third anterior. Of 
these the postero-extemal cusp is the most developed vertically, but, unlike 
Ermaceua, the postero-intemal cusp is considerably higher than the anterior, 
and bears the strongly marked talon at its base. The Ist and 2nd molars 
are quite like those of Erinaceua before described^, except that the postero- 
internal cusp is sometimes divided into two, and is not connected with the 
postero-extemal one by so well^leveloped a ridge. The 3rd and last lower 
molar (unlike that of Erinouseus) completely resembles the 2nd molar, except 
that it is of smaller size, and thus approximates to its condition in Taipei 

As regards the rest of the skeleton of Tupaia^ it may be observed that 
there are 13 dorsal, 5 or 6 lumbar*, 3 sacral, and many caudal vertebre. 

The spinous process of the axis is moderate, and the other cervical 
vertebrae (except the atlas) have exceedingly small spinous processes. The 
cervical transverse processes are not much antero-posteriorly expanded. 
The dorsal and lumbeur vertebrsB have only moderate spines, each of the lumbar 
ones being very much bent forwards over the vertebra next in front of it 
The lumbar transverse processes are long but not much antero-posteriorly 
developed. 

Metapophyses are rather well developed, and distinctly traceable for- 
wards to the 3rd dorsal vertebra. Anapophyses are also well developed in 

1 I have ascertaiiied that the third premolar suoceeds a deddnons tooth formed like 
the true molars, of which oonsequently there can be bat three. 
. > The two median external cusps are very minute, and soon disappear with use. 
» See Pro, ZooL Soc. 1866, p. 167. 
^ See antea, p. 286. 
' De BlainVille says 13 dorsal, 7 lumbar, and 4 sacral, Loc. ctf. p. 81. 
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the lumber n^om, and can be tnoed fonrardB to the fifth* donal ; hjpera- 
pophjlpeB am veij marked (see fig. 2) from the last dorsal vertebra to the 
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fif& Inmbar inclonve; and there are indicatioiu of this proceaa on the 
neural arches of the 3rd and 4th cervical vertebne. There are neither 
antogenoiiB nor exogenoos hypapophyaial processes beneath the trunk or 
cervical vertebne. 

The clavicles are long and rather slender. The mannbrinm is of 
moderate size and not keeled. The soapnla has well-developed supra- and 
infia-Bpinoua foM», an anterior margin which ui very convex, the convexity 
continuing down to its glenoidal end, but oolj a rudiment of a meta- 
oromion process. The humerus ia much longer than the scapula, its 
internal condyle ia perforated, but not the olecranal fossa. The radius and 
ulna are complete and distinct. 

The carpus is provided with an ot inUmedium and a scapho-lanar 
bone. 

The pelvis is of moderate size, with a nther elongated pubic symphysis. 
The ilium is markedly concave externally. The femur han a strong guteal 
ridge, which below expands into a third trochanter. The tibia and fibula 
are perfectly distinct for their whole length. The metatarsus is bat very 
little longer than the tarsus or than the posterior digits. 

Y. Macbobcelides. In this African form' the skull (when not in- 
flated by large air-oavitiee as in ^, probotevieut) presents a certain resem- 
blance in general shape to that of some species of Tupaia, though the snout 
is never so attenuated as ia 2*. lana. The skull is broadest between the 
poeterior roots of the ^gomata (which are complete, and, compared to 
thcMe of Ttipaia, ratiier broad vertically), and its roof is very much nar- 
rowed between the orbits, which are widely open posteriorly, there being no 
trace even of a poet-orbital process. The anterior narca are rather vertical, 
and the plane of the foramen magnum is more bo than in Tupaia, The 
anterior margin of the orbit is sharply prominent, and there is an o> orbitah 
anteriue', but then is no projeoting process towards the lower end of that 
cavity. Cranial ridges, simUar in form and direction to those of the last- 
named genus, are sometimes slightly marked. The temporal fbesa is ex- 
oeedingly small, and on each side of the mujole in front of the orbit there ia 
a more or less marked concavity, and a groove runs an tero- posteriorly along 
the middle of the dotsum of the muzzla The palate is rather wide 
poeteriorly, meet so between the last molani. It is very slightly, if at 
all, concave antero-posteriorly, and has no median ridge or thickening at 
the pceterior maigin, which appears to be convex* ()) and to extend back 
beyond the last moU^ Large defecta of ossificatiDn (sometimes three large 
pairs beades smaller ones) exist on the palate^ Small pterygoid foss», 
unlike those of Tujiaia, extend forwards to the posterior margin of the 

* For the entiie skeleton, the skoH, snd dentitioD, see De Blaiuville, Ice. eit. Pis. 
m. V. and X. 

* Peters, Seite naeh JtfatmnftfgiM, p. 9G. 
■ Peters, Table XXn. Sg. li. 
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palate ; the ecto-pterygoid being a more or less elongated lamella (not a 
narrow process), which does not appear^ to be perforated by either an yiter- 
nal or an external alisphenoidal canaL The meso-pterygoid fossa is nar- 
row throughout, does not become narrower from before backwards, and 
ends in no posterior excavation. Very large auditory bulLe occupy the 
posterior part of the basis crcmL As in TupcUa there is no paroocipital 
process, and no marked mastoidal one, though the mastoidal region is some- 
times very enlarged and inflated. The /oramen magnum looks mainly 
backwards, the glenoid surface is nearly flat, and there is only the smallest 
possible rudiment of a post-glenoid process. The auditory bulla limits it 
internally, but the meatus auditarms eastermis is more or less separated 
from it behind. The premaxilla is of moderate size, and though consider- 
ably prolonged up (as a very narrow pi-ocess beside the nasals), it does not 
nearly join the frontaL Its posterior margin (the premaxillary suture) 
runs at first somewhat backwards as it ascends from the alveokx margin. 
The nasals remain distinct, but do not extend backwards, on the upper sur- 
&Ge of the skull, so far bjs do the maxiUie. The malar has no perforation, 
but a marked excavation for musctdar attachment. 

The mandible has a moderately high horizontal ramus, its ascending one 
has a very slender ooronoid process, which rises but very slightly, if at all, 
above the small and but little transversely extended condyle. The angle is 
long and pointed, but only projects very slightly downwards, and is not in 
the least inflected. 

There is a small carotid foramen near the margin of the auditory bulla 
(immediately opposite the middle of the occipital condyle), also a glenoid 
foramen immediately in front of and above the meaius audUorms extemus. 

The foramen ovale appears to be in the form of a rather large, round- 
ed aperture just in front of the auditory bulla, and separated from the 
sphenoidal fissure by only a very narrow bony laimella. One single open- 
ing represents both the foramen rotundum and the last-named opening. 

The optic foramen is large and very slightly separated from the sphe- 
noidal fissure, which it almost, if not quite, equals in size. Besides these 
there is another and smaller foramen immediately beneath the optic, which 
does not lead into the cranial cavity, but communicates with its fellow of 
the opposite side, the suboptic foramen. As has been said, there is no 
malar perforation or any internal or external alisphenoidal canal. The 
vneatv^ audUorixAs exterrvus has a very large exteiTial opening which looks 
mainly backwards, and is more or less separated from the glenoid surfiu^e 
by the glenoid foramen. There is no supra-orbital foramen, but the single 
and relatively considerable infra-orbital one opens externally at the anterior 
end of a very short canal. The spheno-palatiue foramen is small and 
situated much as in Tupaia, The lachrymal foramen opens well within 
the orbit, immediately above the posterior aperture of the infra-orbital 
canal. There is a large posterior-palatine foramen and a considerable ante- 
rior-palatine on each side. A mental foramen opens benSeith the ante- 
peni:dtimate molar. 

rru A *•.• • 3—3 1—1 3—3 3—3 20 ,^, 

The dentition is i. g— g, C- j^^r p-m. g;^, m. ^Z^ = 20^*" ' 

In the upper jaw the 1st incisor is a more or less pointed, slightly coni- 
cal tooth, separated by an interval, as in Tvpaia, from its fellow of the oppo- 
site, but the two can scarcely be said to converge at all as they descend. 
The 2nd incisor is slightly smaller than the first, and shews more or less 
inclination to form a bilobed crown ; it is generally separated from it by a 

^ i. e. as far as can be jadged from the mntilated craaia in the BritiBh Miuenm. 

* According to Dr Peters, loc, cit. p. 88, the nmnber of grinders is eometimes sevoi 
above and eight below on eadi side. I have found the additional grinder in the speci- 
men of if. hrachyrhynchu8 in the British Mosemn. 
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alight interval The 3rd inciaor is generally (as in M, vnJfufiy M, rupestriB 
and M, hrachyrhynchus^ but not in M. probosctdeue) larger than the second, 
but ^eiy similar in form. In M, proboscUieus it joins the second incisor, 
but in M, tTitufi it is separated from it bj a considerable interval. It 
appears to have but one root The canine is always at some little distance 
behind the third incisor. It is a laterally comprised tooth, scarcely, if at 
all, larger than the third incisor, with two roots and also two cusps, the 
anterior of which is much the larger. 

The first premolar is sometimes (e. g. in Jf. proboscideus) small, exceed- 
ingly Uke the canine in size and form, sometimes (e.g. in M. intufi) its poste- 
rior half is more expanded laterally. The second premolar is much larger; 
and there is greater difference in size between it and the first premolar 
than between any other two contiguous grinding teeth in the upper jaw. 
It is generally quadricuspidate, with a small posterior talon and an oblique 
ridge running from the postero-intemal to the antero-extemal cusp, and 
the two external cusps being much more vertically extended than the two 
internal ones. Sometimes, however, as in if. rupestris^y there are but two 
cusps, the posterior giving off a small process inwards at its basa The 
third premolar is quadricuspidate with an oblique ridge running from the 
postero-intemal to the antero-extemal cusp, and with a smaller posterior 
talon, which in M, proboscideus causes the postero-extemal cusp to appear 
double. The upper premolars are not more extended vertically than the 
molars. The first true molar is a quadrate tooth with a deep vertical 
groove on the middle of its external surface and another on the middle of 
its internal surface. It is quadricuspidate, the two external cusps being 




Left dental series of upper jaw of MacroseeUdes. Scale, 2 natural size. 

more vertically extended than the two internal Before being worn by 
use the antero-extemal cusp is connected with, the antero-intemal by a 
transverse ridge, and the two posterior cusps are similarly connected; so 
that each tooth consists of two crescents with the convexity of each for- 
wards ; a structure altogether different from anything we have yet seen. 
The 2nd molar is quite similar to the first, and these two teeth are the 
largest of the upper jaw. The 3rd molar is smaller, and consists of but 
three cusps. An anterior pair united by a transverse ridge (like those 
of the other molars), and a posterior portion which is undivided. 

In the lower jaw the first incisor all but, or qaite, joins its fellow of the 
opposite side. It joins the second incisor, and indeed all the teeth of each 
ramus are in ^contact with each other. The inferior incisors are very 
different from those of Twpaia, being short, with the crowns widening 
antero-posteriorly, as they emerge from the alveoli. The 2nd and 3rd 
incisors seem to have their crowns more or less trilobed, and the anterior 
margin of each passes a little to the outside of the posterior margin of the 
incisor next in front. The canine is similar to the incisors, but rather 
smaller. The first premolar is rather more expanded antero-posteriorly, 
and shews a tendency to trilobation. The 2nd premolar is distinctly 
trilobed, the median lobe being the largest The 3rd premolar is similar to 
the second, only somewhat hunger. The first true molar is quinquecuspi- 
date^ there being 2 posterior, 2 median cusps, and 1 anterior one ; ridges 
connect together the two posterior and the two median cusps, and also the 

1 59. 5. 7. 12 in the British Museum. 
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posiero-eztemal, and antero-median, and the antero-ezternal and the anterior 
cusps. So that the tooth may be said to consist of two triangolar grisms 
placed obliquely side by side ; one side of each looking forwards and 
inwards, and one angle backwaixls and outwarda The 2nd and 3rd molan 
are similarly formed, except that the anterior cusp is almost obsolete in the 
second mo]ar and quite so in the third one. As Dr Peters has obserred*, 
there is sometimes a small tooth behind the third molar. 

As regards the rest of the skeleton of MacroaeeUdes^ there are 13 dorsal', 
6 or 7 lumbar (together 19 or 20), 3 sacral, and many caudal vertebre. 
The spinous process of the axis appears to be rather larger relatively than 
in Tupaia, The other cerrical vertebre have no spinous processes or they 
are in a very rudimentary condition. The cervical transverse processes are 
but little antero-posteriorly expanded. The dorsal spines are very elongated, 
as also the lumbar ones, and both are more or less antero-poeteriorly 
expanded at their summits. The lumbar spinous processes are not bent 
forwards to such an extreme degree as in Tupaiou The lumbar transverse 
processes are elongated and considerably expanded in the antero-posterior 
direction. Metapophyses are largely developed, but the anapophyses are 
rather small, and there are no hyperapophyses. On the other hand, there 
are antero-posteriorly directed hypapophysial ridges beneath the anterior 
lumbar vertebree. 

The clavicles are long and rather slender. The manubrium is of 
moderate size and not keeled. The scapula has well developed suprar and 
infra-spinous fossie, and an anterior margin which is very convex, but the 
convexity is not continued down to its glenoidal end, the lower half of the 
anterior margin being rather concave. There is a l<»ig metacromion process. 
The humeiiis is much longer than the scapula^ its interns! condyle is per- 
forated, also the olecranal fossa. Unlike Tupaict, the ulna is imperfect, 
becoming very attenuated at the middle of the fore-arm and uniting with 
the radius. The carpus is provided, no doubt, with separate scaphoid and 
semilunar bones as well as an os irUermediwn, though I have not been M» 
to distinguish them with certainty. The pelvis is of moderate size, with a 
rather elongated symphysis. The ilium has scarcely any external concavity. 
The femur has so strong a gluteal ridge as to form a third trochanter. The 
tibia and fibula anchylose together above the middle of the leg. The meta- 
tarsus is very much longer than either the tarsus or the posterior digits. 

TI. Centetes. The skull of this large insectivore', from Madagascar, 
when viewed above, is far more cylindrical than is the cranium of any form 
yet examined. It is broadest between the glenoidal sur&ces, and thence 
tapers forwards in a regular but exceedingly slight degree. The orbits are 
not only incomplete behind, but there is not even any trace of a post-frontal 
process. Posteriorly the skull is truncated, but anteriorly the nares slope 
gently backwards. There is neither a ridge nor any projecting process at 
the front of the orbit. The sagittal crest begins to be dd^eloped at the 
posterior end of the nasals, and runs thence backwards to the remarkably 
projecting lambdoidal ridge which extends between the glenoid suHaoes. 
The temporal fossa is laige, and there is a concavity above and in front of 
the first upper premolar, but none above the anterior opening of the infra- 
orbital canal or on the summit of the cranium between the orbits. The palate 

1 Loc. ciU p. 88. This additional last grinder may be but an individual variation. 
See note p. 626 of Pro. Zool 8oc, for 1864. 

* Dr Peters and M. de Blainyille both assign 18 dorsal and 7 lumbar vertebra to 
this genus, bat in a specimen of M. irOufi in the British Mnsenm there are but 19 trunk 
vertebne. 

* The skeleton is represented by De Bhunville, loc. cit. PI. IV., the skull at PL VI^ 
the dentition at PI. X. For the latter see also F. Guvier, loe. eit. No. XIX., and Owen, 
loe. eiU PL CX fig. 6. 
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is long «nd narrow^ but of smgularly equal width, narrowing bat little 
forwards. It is scarcely concave antero-posteriorlj, and has no median 
ridge running in that direction, nor any defects of ossification. The pos- 
terior margin of the palate \a thickened (without any transverse bone-plate 
behind it), and the thickening is concave backwards without any median 
projection. It projects back some little distance beyond the last molar. 

Pterygoid fossa cannot be said to exist, the ecto-pterygoid ridge not 
developing into a descending plate of bone, although distinctly perforated 
posteriorly. The meso-pterygoid fossa slightly narrows as it proceeds back- 
wards, and ends in a hemispherical excavation (with a foramen in its roof), 
bounded by the basi-spheuoidal processes, which bend outwards to complete 
the auditory buUe. The foramen magnum looks directly backwards, and 
on each side of it is a well-developed paroccipital process, anterior to which, 
and separated from it by a notch, is a true mastoid process, united with the 
prominent process of the squamosal, so that there are but two processes 
here on each side. The mastoid contributes to form both the paroccipital 
and squamosal process, but rather more of it goes to the latter than to the 
former. 

The glenoid surface is made transversely concave by a strongly projecting 
ento-glenoid process. The rhinencephalic chamber is smaller than in 
Erinaceus, and the presphenoid is swollen by a large internal cavity. The 
premaxilla is rather small, and sometimes meets the anterior prolongation 
of the frontal, but sometimes does not do so. The nasals unite early 
t(^ther, the separation continuing longest at their anterior end. They 
extend backwanls on the roof of the cranium, almost as far as do the 
maxillae. The parietals.form more and the frontals less, of the roof of the 
cranium than in Erinokcevs, The zygoma is wanting, only a small process 
extending backwards and outwards above the last molar. The squamosal 
is all but entirely excluded from the cranial cravity. The mastoidal 
portion of the periotic appears largely on the outside of the skull, where it 
is sub-triangular with the apex upwards ; it divides below, as has been said. 

The mandible has its ascending ramus only very slightly concave 
externally, its posterior margin between the condyle and the angle is short 
and not very concave. The horizontal ramus is not constricted behind the 
last molar. The inside of the ascending ramus above the inferior dental 
foramen \a very deeply concave. The condyle is rounded, not transversely 
extended, and the broEul coronoid process ascends much above it when com- 
pared to the distance of the condyle from the angle. This angle is small 
and much flattened above and below, having an appearance reminding us of 
its condition in Marsupials. There is another obtuse pi'ominence at the 
inferior margin of the mandible, more or less marked, and projecting 
downwards some distance in front of the angle. 

There is a rather large precondyloid foramen on each side, and in front 
of it a jugular foramen, but I have not observed a carotid foramen. There 
is a venous opetiing in the parietal, near the margin of the squamosal ; also 
a glenoid foramen immediately behind the glenoid surface. The foramen 
ovale is formed entirely by the alisphenoid and one opening represents both 
the foramen rotundum and the sphenoidal fissure. The optic foramen is 
very small, and with the last-mentioned fissure is hidden by the alisphe- 
noidal lamella. There is no long bony canal for the optic nerve to 
traverse, as in Ervnaceue, also no sub-optic foramen, but a conspicuous 
orbital foramen opens above and in front of the optic one. There is a 
large and conspicuous alisphenoid canal, its posterior aperture being 
just in front of the foramen ovale, but there is no external alisphenoid canal. 
A considerable posterior palatine foramen on each side leads upwards into 
a short canal, which opens at the side of the skull by an aperture common 
to it and to the spheno-palatine foramen, but which is widely separated 
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from the opening representing the foramen rotondum and sphenoidal 
fissure. There is a small anterior palatine foramen on each aide. The 
infra-orbital foramen is large and single, and is the anterior opening of a 
veiy short canaL The lachrymal foramen opens above and a little behind 
it^ but in front of the anterior margin of the orbit. 

Two mental foramina open, at some distance from each other, outside the 
horizontal ramus of the mandible. The more anterior, between the canine 
and first premolar ; the more posterior, beneath the last premolar or the 
first molar. 

rrr ^ . w 1 • . 2—2 1—1 3—3 3-3 18 ^ 

The dental formula IS : I. g—g, C- j^y* ^•^3ll3» ^''gUs'^SO^ 

The 1st upper incisor is separated frx>m its fellow of the opposite side by 
an interval, and also by another from the second incisor. Both incisors are 
small, of nearly the same size, and the crown of each is peculiarly notdied 
behind, and so consists of a large anterior lobe with an exceedingly small 
posterior one. The posterior incisor is very much curved. The canine is 
very large, with a simple crown and root, and is like that of a camivorons 
animal It is separated by wide intervals from both the incisors and pre- 
molars and its anterior margin coincides with the premaxillary sutura 

The 1st premolar consists of a simple conical casp with a very small 
posterior taJon. It has two roots. The 2nd premolar is much larger, 
and indeed is rather the largest as well as certunly the most verticiJIy- 
extended of the upper grinders. It consists of one very large conical cuap^ 
which has a smsJl external talon and a supplementary postero-intemal 
cusp, so that it possesses one large anterior prominence and two very small 
posterior ones; one of the latter being external, the other intemaL The 
next tooth (which I am inclined to consider as the 3rd premolar) difiers 
frY>m any tooth we have yet met with, and resembles one of the triangular 
prisms of a molar of Tupaia or Talpa; it may be considered as a triangular 
prism (with one angle turned inwards) set upon a somewhat laiger base, 
or it may be described as bearing 6 cusps, 3 external, one median, and 2 
internal. The median is the principal, and appears to answer to one of the 
median cusps of a grinder of Ttipaia, The 3 external cusps are very 
minutCi and appear to be developments of the cingulum; the two posterior 
of these three constitute the outer limit of the grinding surface of the 
trianjralar prisnL The 2 internal cusps are also minute and are develop- 
menteof the internal omgnlom or base, on which the tri<uigukr prism may 
be said to be imposed. 

The 1st and 2nd upper molars are quite similar to the third pre- 
molar, except that the external cingulum sometimes gives rise to four 
minute cusps. The third and last upper molar is essentially similar, but 
is rather more compressed antero-posteriorly, and the part which in the 
other molars is the outer sur&ce of the prism, looks more backwards. 

In the lower jaw the 1st incisor is very small, and in contact both with 
its fellow of the opposite side, and with the 2nd incisor. Its crown is 
simple. The 2nd incisor is larger and its crown is bilobed, the posterior 
lobe, however, being very small. The 3rd incisor is separated by an 
interval frt)m the 2nd, and is smaller than the latter. It appears, how- 
ever, to be sometimes bilobed. The lower canine is a large conical tooth 
with simple feing and crown, the latter being more or less grooved inter- 
nally in a vertical direction. As is well known its summit is received into 
a peculiar fossa of the premaxilla. The canine is separated by a alight 
interval fr^m the third incisor. 

The 1st premolar is a small conical tooth with two roots and a single 
cusp, which is, however, provided with a small posterior talon. 

The 2nd premolar is similar in form to the first, but much larger, being; 
indeed, the most vertically extended grinder of the lower jaw. The next 
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tooth (which I am iDclined to consider as the 3rd premolar) has a certain 
resemblance to the first lower true molar of Erinaceiu, if we ima^ne the 
Ix)6terior cusps with their connecting ridge to be almost aborted. It may 
be considered as a triangular prism (with an angle turned outwards) placed 
on a base which projects behind, but scarcely in front of it. It may, 
therefore, be described as consisting of 3 lofty cusps, external, antero- 
intemal and ^xistero-intemal, connected by ridges and together forming the 
prism. The external cusp has a rudimentary supplemental cusp at its 
base in front and one rather more marked behind; the postero-internal 
has also a supplemental cusp at its base behind, and this is connected by 
a low transverse ridge with the posterior supplemental cusp of the large 
external cusp. The next three molars are quite similar to the third pre- 
molar except that the fourth and last has not a transverse ridge, but only 
a low cusp behind its triangular prism. 

As regards the rest of the skeleton of CenteteSy it may be observed that 
there are 18 or 19 dorsal, 5 lumbar, and 3 sacral vertebrsB. The spinous 
process of the axis is enormously large, and the other cervical vertebrsB 
have all more or less elongated spinous processes. The cervical transverse 
processes are not much antero-posteriorly expanded. The dorsal spines 
are elongated, and those of the lumbar vertebne are very much enlarged and 
antero-posteriorly extended. The lumbar meti^ophyses, anapophyses, and 
transverse processes are small, but the lumbar spines develope tolerably 
marked hyperapophysea There are no hypapophysial processes. The 
manubrium is of moderate size and not keeled. The clavicles are elon- 
gated. 

The scapula has the supra- and infra-spinatus fossae of about equal size, 
but the metacromion process is obtuse and truncated. The free margin 
of the spine of the scapula is undulating. The humerus is only slightly 
longer than the scapula, and has a supra-condyloid foramen, but no inter- 
condyloid perforation. The radius and ulna are complete and distinct, and 
the carpus is provided with a scapho-lunar bone and also an os intermedium. 

The pelvis is very wide, with a very small pubic symphysis. The iUum 
is not markedly concave either within or without. The femur has but a 
slight external gluteal ridge, but there is a deep excavation (wanting or 
very slight in Erirmceus) at the lower end of the front of its shaft. The 
tibia and fibula are both complete, theii* whole length not anchylosing 
together inferiorly. The metatarsus is short 

Having thus reviewed the cranial and dental characters of the six 
typical forms: 1, Erinaceus; 2, Talpa; 3, Sorex; 4, Tupaia; 5, Macro- 
scelides ; and 6, Oentetes, with some notice of other skeletal structures, it 
remains to examine the other genera of the order lusectivora, and endeavour 
to ascertain their affinities and relations. 

Hylomys. This genus is unfortunately only known to me by the 
figures in Herm. Schlegel and Sal. Milller's memoir^ on the genus. It is 
an inhabitant of Java and Sumatra', and shews much resemblance to the 
Sumatran and Bomean form Tupaia, to which it is evidently nearly allied 
As far as can be judged from the figure and description of the memoir^ 
the only points in which it appears to differ from the description of the 
last-mentioned genus, which has been already given, are as follows. The 
skull tapers less fi-ora behind forwards, both vertically and transversely, 
and its roof is rather more narrowed between the orbits, which last are 

* Verhandelingen (rver de natuurlijke geschiedenis der Nederlandsche overzeesche 
begittingen door de Leden d^er Natuurkundige commmie in Indie en andere Schrijvers, 
Uitgegeben op last van den Koniug door G. J. Temminck. Leiden, 1839 — 1844, p. 158. 
Beschrijvinq van een merkvaardig imektenetend zootfdier. Hylomys stullus, door Sal. 
Mailer en Herm Schlegel, PI. XXVI. fig. 1. External form PI. XXV. figs. 4r— 7 sknll. 

* This genus is also represented in the Tenasserim provinces ; see Blyth, Journal 
AnaU Soc. BengtU, 1859, p. 293. 

VOL. L 21 
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unenclosed by bone behind, there being but a mere trace of a post-orbital 
process. The palate presents no defects of ossification^ but there seems 
to be a slight median antero-posterior ridge, and the posterior margin of 
the palate to be verj slightly thickened. The pterygoid fossa appears 
to differ much from that of Tv/paia, as it is represented' as extend- 
ing forwards as far as th« posterior margin of the palate. As the base of 
the cranium proper is not figured, I am unable to say whether there 
is an external alisphenoidal canal, or whether the meso-pterygoid fossa 
narrows from before backwards, kc 

The nasals do not extend backwards, on the upper surface of the skull^ 
nearly so &tr as do the maxillae; the malar has a much smaller perfora- 
tion', and the anterior part of the outer surface of the zygoma is more 
excavated. 

The mandible has a rather stouter horizontal ramus than that of 
Tupaia^ but the condyle has a very slight transverse extent. 

The foramina generally cannot be described from the figures, but the 
infra-orbital canal is rather larger, but scarcely shorter thim in Tupaia, 
and the situation of the lachrymal foramen is similar, the anterior palatine 
foramina on the other hand are smaller. '' 

The dentition IS I. g— , c. j-j, p.m. j-^, m. 3^3 = - = 44. 

The 1st upper incisor, on each side, is of considerable size, conical and 
curved; the 2nd is much smaller, and separated from the first by an 
interval ; the 3rd is close to the second, and rather smaller than the latter. 
The canine appears externally a little behind the premaxillary suture, land 
is about as far separated from the third incisor as the second one ia from 
the first. It appears to have two roots and a marked posterior talon. 
The 1st upper premolar is a very small, conical tooth; the 2nd is a little 
larger with one minute prominence in front of, and one behind the main 
cusp. In the 3rd premolar these are rather more marked, and much more 
so in the 4th, which is the most vertically extended grinder of the upper 
jaw, and as, at the same time, there are two well-developed internal cusps, 
this tooth, when its giinding surface is looked at, has the aspect of a true 
molar; and there is a greater difference in size between it and the third 
premolar, than there is between any other two contiguous grinding teeth in 
the upper jaw. 

The first true molar is formed essentially on the same type as the 
corresponding one of Tupaia, but the triangular prisms are very small and 
the postero-intemal cusp is largely developed, so that it approximates to 
the structure of the first molar of Erinacetis, and presents us with a very 
interesting transitional condition. The 2nd molar resembles the first; the 
3rd is much smaller, and appears to be tricuspidate. 

In the lower jaw the incisors are rather long and slender and also 
procumbent and, as in Tupaia, the third on each side is shorter than the 
first and second. The canine, however, is shorter, less pointed, and closer 
to the incisors than in the last-named genus. The 1st premolar is an 
exceedingly small and simple tooth, the 2nd is scarcely larger, but the 3rd 
is decidedly so, with small supplementary cusps, one in front 0^ the other 
behind, the principal one. The 4th premolar is the most vertically ex- 
tended grinder in the lower jaw, and there is a greater difference in size 
between it and the third than between any other two contiguous inferior 
grinders. The three true molars appear closely to resemble the corre- 
sponding teeth of Tupaia. 

As regards the rest of the skeleton I have no information, but most 
probably it has great resemblance to that of the last-named genua. 

1 Loc. eit PL XXV. fig. 6. 

* J. A. Wagner Schreber's Sliugtkiere SupplementbandfUnfte AhtheUunff. 1855, p. 530. 
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Ptilocebcub. Tliis pleasing form, firet described by Dr Gray', 
evidently more dowly related to Fupaia than it is to ByUmys. 



Ptilocbrcub. Scale, 3 natural size. 

skull and dentition present similar characters to those described as ex- 
isting in the former of those two genera, except that the nuzzle is 
rather less attennated, while tlie cranium proper is more so — the akull 
being relatiwly more narrow transrersely immediately behind the post- 
orbital processes. The zygoma is rather stouter relatively, and has a 
more outward sweep, and t£e malar foramen, is very mnch smaller. The 
anterior margin of Uie orbit is not sharply prominent, nor b thera any 
distinct process above the lachrymal foramen, though the skull has a 
slightly awoUen appearance at that part. The temporal ridges do not 
meet, but separately join the lambdoidal ridge, which is less prominent 
medianly, and more so on each aide than in Tupaia, The temporal fossa is 
mnch laij^, and the orbit relatively smaller. The latter is all but com- 
pletely eacircled by bone, but in the specimen in the British Museum 
the point of the post-frontal process does not quite join the ascending pro- 
cess of the malar : it is long enough to do so, but on each side it passm 
down a little within the extremity of the malar process. The posterior 
niargin of the palate is slightly thickened, and is concave on each side of a 
median prominence. There are no defects of ossification in the palate, 
though Uie bone is exceedingly delicate. The pterygoid and meto-ptery- 



PriLOCEiicua. Scale, 3 natnial size. 

gold fosBie are as in TuptMa, except that the former are somewhat larger 
on account of the greater extent of the ecto-pteiygoid plates. The ptery- 
goid foesse however do not approach near to the posterior margin of the 
palate. Thera is a very email ridge-like paramastoid process and a rather 
well-developed poet-glen oidal one. As has been mentioned, the malar 

i. Saiaarang, 
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perforation is very small. The angle of the mandible can hardly be said to 
be at all inflected. On the basis cranii a notch on each side of the basi- 
occipital allows a portion of the periotic bone to be seon just within each 
auditoiy bulla. In the skull examined no partition could be detected be- 
tween the sphenoidal fissure and the foramen rotundum, the two being 
represented by a single aperture. The external alisphenoidal canal is 
larger than in Tupaia there is no supra-orbital foramen ; and the meatus 
auditorius extemus is separated from the glenoid surface by the post- 
glenoid process and foramen. The infra-orbital foramen is relatively 
rather larger, and its canal is much shorter. The spheno-palatine and poe- 
terior palatine foramina are very small. The others are as in Tupaia. 




Ptilocercub. Scale, 2 natural size. 

The dental formula I am disposed to consider should be the same as in 
the last-mentioned genus^ L e. 

2—2 1—1 3—3 ^3 18 

^' 3=3' ^' 1—1 ' ^'^' 3—3' "• 3— 3 "■ 20"" ' 

but there are differences in the relative size of the different teeth. The 
teeth however are, as in Tupaia^ except in the following particulars : 

The 2nd incisor appeal's externally at the premaxillary suture ; but, as 
far as can be ascertained without mutilating the specimen, its root is in the 
premaxilla ; on this account I cousider it an incisor, and also because the 
lower tooth, which passes in front of it, has all the appearance of an in- 
ferior incisor. The upper canine is situated about as much behind the 
second incisor as that is behind the first ; it has two roots, and is of similar 
form and size to the first premolar which is in contact with it. The 2nd 
premolar is very little bigger than the first, it is however more transversely 
extended. The 3rd premolar is the most vertically extended tooth in 
the upper jaw, and is formed like its homologue in Tupaia. The true 
molars are formed on quite the same type as those of the last-mentioned 
genus, only the external cingulum is a mere band, and does not develope 
cusps, so that the grinding sui-face does not present triangular surfaces. 
The last molar has but one external, one internal, and two median 
prominences. 

In the lower jaw the 2nd incisor on each side is miich larger than the 
first, and still more so than the third one, which is vety small. In this 
respect Ftilocercus differs more fix)m Tupaia than Hyloniys does. The 
canine is almost as large as the second iucisor. Each infenor tooth is in 
contact with two others except the last molars, which of coui'se are each 
in contact but with oue. The 1st and 2nd premolars are very small, 
simple, conical teeth. The 3rd premolar is more simple in sti'ucture than 
in Tupaia; consisting, as it does, of one large cusp with a very small 
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Ptilocebcus. Scale, 2 natural size. 

anterior one and with a posterior talon. The lower true molars much 
resemble those of the last-named genus. 




PxiLocEBcrs. Scale, 2 natural size. 

Of the reet of the skeleton I am igDorant, but most probably it closely 
resembles that of Tupaia, to which e\'idently PtUocercus is far more closely 
allied than to any other of the six typical forms before noticed. 

Leaving these Asiatic genera, and turning to the African one recently 
discovered by Dr Peters, and described by him under the generic name 
Peirodromua^ (a skeleton of which form is in the national collection), we 
there find a great approximation to our fifth type, . Macroscelides. Indeed 
it corresponds with the description before given of that genus, except in 
the foUowing particulars. The temporal ridges unite to form a short but 
strongly marked sagittal ridge joining the lambdoidal, which is most ele- 
vated towards the middle line. The posterior margin of the palate is 
on a line with the anterior end of the last molar'; it has a marked 
median prominence. The auditory bullae are not quite so large. The 
narrow lamella (separating the foramen ovale from the opening represent- 
ing both the foramen rotundum and spheno-orbital fissure) has a small per- 
foration, which may be from its situation the true vidian foramen'* The 
sub-optic foramen is very conspicuous \ 

The Ist upper incisor is relatively larger than in Macroscelides, Tlie 
3rd incisor is much larger than the second, though smaller than the fi ret ; 
it has two roots. The 2nd upper premolar has only one cusp with the pos- 
terior margin of its crown slightly notched. The 3rd upper premolar 
has extemaUy very much the same aspect as the 2nd, but its internal 
part is so developed that it is almost quadricuspidate ; the posterior cusps 
however are all but obsolete, while the antero-extemal cusp is much more 
vertically extended than is the antero-intemal one. The second and tbii-d 

» Bericht der K&nigl. Preu$8. Akademie der Wissenscfuiften zu Berlin, 1846, p. 257, 
and ReUe nach Mossambique Zoologie. I. Saugethiere, p. 92. Dr Peters has given a 
most excellent and minute account, which I here in part repeat. 

« Behind in Dr Peter's figure, loc. ciU Tab. XXII. fig. 11. 

^ See the late Mr H. N. Turner, Junr.'s paper in the Pro. Zooh Soc. 1848, p. 72. 

* See Dr Peter's figure, Tab. XXII. fig. 8, where it is plainly shewn just in front of 
the optic foramen, for which it might well be mistaken. 
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premolars are but very slightly, if at all, more extended vertically than are 
the two molars, which have the same form as in MacroBceUdea. 

In the lower jaw the anterior incisor* is not in contact with its fellow 
of the opposite side, and small intervals separate the third incisor, the 
canine and first two molars, from their neighbours^. The canine is similar 
in form to the first premolar, being trilobed, but the posterior lobe is 
very small. The true molars are as in Macroscelides, except that the 
anterior cusp is obsolete- in the second as well as in the third molar. 

As regards the rest of the skeleton, there are 13 dorsal, 7 lumbar, 
and 3 sacral vertebrae. The spinous processes of the cervical vertebtie 
are very small, except that of the axis, which Ls large. The lumbar trans- 
verse processes are short, but extremely developed antero-posteriorly. The 
olecranal fossa of the humerus is sometimes peHbrated*. The scaphoid and 
semilunar bones are distinct, and there is an os intermedium ^ This form 
differa from all that have been here examined, in that it has but four digits 
to each pes. Altogether Pef/rodromvs is most unquestionably the close 
aUy of Macroscelides, 

Bhtnchogyok. This interesting African form, also di^eovered and 
first described by Dr Peters', resembles Macroscelides to a considerable 
extent, but not nearly as much as does PetrodromuB. It agrees with the 
former genus (our 5th tjrpe) in all the characters before described except as 
follows : the skull is much broader, relatively as well as absolutely, and 
also flatter, and it is very much less narrowed between the orbits, which 
are furnished with a marked post-orbital process, and indeed are surrounded 
by bone for about five-sixths of the circumference of each. The anterior 
nares are quite vertical, and, judging from Dr Peter's figure (for the speci- 
men in the British Museum is imperfect) the plane of the foramen mag- 
num looks mainly backwai'da The anterior margin of the orbit is not 
quite so sharply prominent, and there does not appear to be a distinct os 
orbUale arUeritis. Cranial ridges are (as in Fetrodronms) more marked, as 
also the concavity on the muzzle in front of each orbit. The antero- 
posteriorly directed groove on the dorsum of the muzzle is less deep rela- 
tively, and extends less forwards, while the anterior end of that part curves 
slightly upwards. The palate is decidedly, though slightly, concave autero- 
posteriorly, and without any defects of ossification. Its posterior mai^n, 
which extends back some little distance behind the last molars, has a strong 
median projection, and three others on each side; between these are six 
intervals, each with a more or less concave margin. The pterygoid fossae 
(judging from Dr Peter's figure) do not extend forwards nearly to the 
posterior margin of the palate, the ecto-pterygoid plate being a narrow pro- 
cess projecting downwards, outwards and backwards. In which respect 
Rhyncliocyon resembles TupaicL The auditory bullae are not so large rela- 
tively. There does not appear to be any paroccipital process, but a mode- 
rately developed mastoidal one. The premaxilla is much smaller relatively, 
and is not prolonged up beside the nasals. Its posterior margin is also 
less curved. The excavation on the surface of the malar and maxilla is 
deeper and more extensive. The ascending ramus of the mandible is less 
high, and its anterior margin forms a more open angle with the alveolar 
one. The angular process is short, rather obtuse, and does not project at all 

^ Dr Peters found each lower incisor to have a bilobed crown, loe. cit. p. 95, and l*ab. 
XXn. fig. 9. 

' i. e. in the British Museum specimen. It does not appear to have been the case in 
the individual figured by Dr Peters. 

■ Peters, loc. cit. p. 96. 

* Peters, loc. cit. p. 96, and Tab. XXIII. figs. 6 and 6a, n, s, x. 

" Monatsbericht der Konigl. Premiss. Akademie der Witsenschaften zu Berlin. 1847, p. 
36, and Reise nach Mossamhique Zoologie, Saiigethiere, p. 100. Tabs. XXI. XXII. figs. 
1—7, and XXIII. figs. 1—6. 
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downwards. A small vidian (f) foramen opens beneath and in front of ihe 
aperture, which represents both the foramen rotundum and the sphenoidal 
fissnre. The sub-optic foramen is as conspicuous as in Fetrodromvs \ The 
infra-orbital canal is very long. The mecUus auditorms extenms has a 
smaller openiug, which looks less backwards than in Macroseelides, The 
spheno-palatine foramen is very small, and opens just outside the meso- 
pterygoid fossa and above the posterior mai^^ of the palate. There is no 
supra-orbital foramen, but in Dr Peter's' specimen the orbital margin is 
deeply notched. The lachrymal foramen, though weU within the orbit, 
opens in front of the poHterior termination of the infra-orbital canal, which 
is prolonged backwards to above the last molar, instead of terminating 
nearly above the interspace between the penultimate and the antepenulti- 
mate molars. The posterior palatine canal is smal!, and opens inferiorly at 
about the anterior end of the posterior fifth of the palate. The mental 
foramina open near the inferior antepenultimate true molar and a larger 
one beneath the first premolar. 
The dental formula is 

f 1—1 0—0 1—1 3—3 3—3 16 or U ,, ,,^ 
^•3=3^^3=3' ^-1=1' ^-^3=3' ^'2^3 20- = ^^^'^^* 

In the upper jaw the single incisor on each side is very minute or absents 
The canine is large and double-fanged. It has a simple conical crown, 
nearly flat externally, but strongly convex internally. It is situated very 
near to the premaxillary suture. The 1st premolar is a small laterally 
compressed double-fanged tooth, with traces of an anterior and a posterior 
minute cusp on each side of its base. The 2nd premolar is rather larger, it has 
a similar trace of an anterior cusp, but posteriorly it is doubly-notched, pro- 
ducing thus two small cusps on its posterior margin. The 3rd premolar is 
less vertically extended than the 2nd ; it has the anterior cusp decidedly 
more developed and the two posterior slightly more sa The tooth is also pro- 




Left dental series of upper jaw of Rhynchocyon. 

duced internally, the internal production giving rise to a marked anterior 
cusp and a very small posterior one. These upper premolars are not more 
extended vertically than are the molars. The true molars are quite like 
those of Macroscdides, 

In the lower jaw the three lower incisors are sub-equal, have bilobed 
crowns (the lobes being also sub-equal), and are in contact each with 
the tooth next behind; but the 1st incisor is separated by an interval 
from its fellow of the opposite side. The canine is very slightly larger and 
has a simple crown. The 1st premolar is a simple, conical, double-fanged 
tooth. The 2nd premolar is similar to the first, except that it is not 
quite so vertically extended and that its posterior margin bears two slight 
notches. The 3rd premolar is rather more extended, both antero-posteriorly 
and transversely, the posterior notches are deeper, while there is a trace 
of a small anterior lobe. The true molars are quite similar to those of 
Macroscdides, except that the 3rd is smaller as compared with the 1st and 
2nd than is the case in that genus. 

As regards the rest of the skeleton, according to Dr Peters', there are 
13 dorsal, 8 lumbar and 3 sacral vertebr». " The development and direc- 
tion of the processes show a great agreement with Macroscdides,^' but the 

1 See Dr Peter's figure. ReUe nach Mossambique, Tab. XXII. fig. 1. 
» Loc. cit. Tab. XXIL fig. 3. » Loc. cit. p. 103. 
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cervical spinous processes are large, especially that of the axis. The antero- 
posterior extent of the lumbar transverse process is remarkable \ The 
form of the anterior margin of the scapula resembles that of Macrascelides^ 
also the development of the metacromion. The two perforations at the 
distal end of the humerus are also present, but the ulna is complete, and 
not anchylosed to the radius. The carpus is provided with separate sca- 
phoid and semilunar boues, also an 08 intermedium, but there is no pollez, 
and the fifth metacarpal extends upwards and joins the 08 pisiforme. The 
<pes is not provided with a hallux, at least there is onlj a rudiment of itn 
metatarsal bone. The tibia and fibula anchylose together above the middle 
of the leg, and the metatarsus is much longer than the tarsus and about as 
long as the longest digit. 

Gykkura'. This Asiatic form possesses a cranium which, at the first- 
glance, appears somewhat intermediate between EHnaceus and Centetes, 
Its size (especially its length), its large lambdoidal ridge and long canine 
teeth, recall the last-named genus, but, as has been generally recognised, 
its true affinities are with Erinaceiis. Indeed the description given of our 
first type wUl altogether apply to Gyjanura^ except as regards the following 
particulars. 

The skull is larger and more elongated and the constriction between 
the orbits is more mai*ked. The zygomata are mora slender, and the skull 
is less truncated anteriorly, the anterior nares sloping moi-e backwards. 
The concavity on the dorsum of the skull, between the orbits, is less 
marked, and sometimes not discemibl& The palate is widest between the 
last molars, it has no defects of ossification, and is continued backwards for 
some distance behind the last molar. The transverse plate behind the 
posterior palatine ridge is bounded externally by a ridge continued forwards 
from the free inferior maigin of each pterygoid, and therefore is not con- 
tinuous with the outer walls of the pterygoid fossse, which are not so large 
as the inner ones, but are perforated by an external alisphenoidal canal. 
The mesopterygoid fossa ends in no excavation, but its roof is continuous with 
the rest of the under surface of the basis CTomii, The paroocipital process 
and the two projections of the mastoid are relatively smaller. The pre- 
maxilla, though it runs back beside the nasal, appears here to meet the 
anterior prolongation of the frontal. The nasals are not quite so narrow 
relatively as in Erinaceus^ nor do they extend backwards nearly so fiir 
as do the maxillae. The mandible has the inside of its ascending ramus, 
above the mylohyoid ridge, not so convex, and the coronoid process is 
broad and truncated. The venous foi*amen at or near the junction of the 
parietal and squamosal is situated above, but behind, Uie post-glenoid 
process. The optic foramen is very small and opens anteriorly, at the end 
of a long bony canal, much in front of the sphenoidal fissure. Above its 
anterior opening are the orbital foramen and the anterior aperture of the 
venous channel, which, as in Ervnctceu>8, traverses the inner surfice of the 
side wall of the cranium. The sub-optic foramen is more conspicuous 
than in Erinaceus, and being situated just in front of the sphenoidal fissure, 
mighty when the outside of the skull alone is looked at, be readily taken for 
the optic foramen. Another foramen is situated on the inner wall of each 
optic foramen, and appears to lead fi*om the cranial cavity into the one into 
which the sub-optic foramen opens. 

The spheno-palatine foramen is situated just above the posterior palatine 
one, and is remote from the foramen rotundum. The lachrymal foramen 
appears to be, though it is not really so, more within the orbit than in 

1 See loc. eit Tab. XXTTT. fig. 1. 

• The Bkull is figured by De Blainville, loc. eit PI. VI. Por the dentition see the 
name, PI. X. Owen has represented both the sknll and teeth. 8eo loc. cit, PI. CKI. 
I. 4, 4a and 4b. 
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Erinaeent. This ia liecanse tbe ridge and proceeB in front of it is so 
Btrougl; juarked. The large mental foramen opens beneath the last pre- 



Ihe dentition is 



= 44. 



3— S 1—1 4—4 3—3 

■■3=3' ''T^T' ^-"-Slli' "-3=3 = 
In the upper jaw the Ist incisor is a large, conical, Bomewhat curved and 
rather acntely-pointed tooth, separated by a considerable interval from 
its fellow of tha oppoeite side, for its whole length, as the two do not con- 
verge as they descend. The 2nd incisor is similarly ahaped but much 
smaller, and the third is smaller still, and is much in front of the pre- 
maxillftiy suture. The canine is a Urge, conical, simple-crowned, double- 
fanged tooth; it is about as long aa the first incisor but rather more 
antero-posteriorly extended. There b & oonsiderable interval between tiie 
canine and the 3rd incisor. It is close to the premaxillary suture. The 
1st premolar is a very small, simple, conical tooth, though with a marked 
cingulum. The 2nd premolar is like the first, only somewhat longer. 
The 3rd premolar ia nioch larger, and the difference between it and the 
second ia greater than that between any other two contiguous superior 
grinders; its external cingulum developes one rudimentary cusp in front of 
the crown and another behind it, while the internal one gives rise to a 
constdereble cusp. The 4th premolar is quite like the third premolar of 
Eriitaceua, except as regards its preponderance over the tooth next in frvnt. 
It is the most vertically-extended of all the upper grinders. The first and 
second molars are like those of Erirtaeeug, the third molar baa a tri- 
angular grinding surface, one angle of the triangle being posterior. It 
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is quadricuspi^Jate, three small cusps being situated along its postero-ez- 
temal margin, and another, the largest, at its antero-intemal angla 

In the lower jaw the Ist incisor is slightly larger than the 2nd and 
considerably larger than the third. The canine is large, conical, and 
pointed, like that of Centete8. The 1st and 2nd premolars are exceedingly 
small, simple, conical teeth. The 3rd premolar is much larger, has a smaU 
talon or rudimentary posterior cusp and two fangs. The 4th (and last) 
premolar is more simple than is the last premolar of Erinaceus. It consists 
of one large cusp, with a posterior talon and three quite rudimentary 
ones. Of ^ese one is postero-external, one antero-internal, and the third 
postero-intemal. The 1st and 2nd molars are quite like those of ^rtno- 
ceus. The 3rd true molar is quite like the second, and therefore much 
larger than in the last-named genus. 

As regards the rest of the skeleton, judging from an imperfect one 
preserved in the British Museum, and which once belonged to the collection 
of the Zoological Society, it appears that there at:e as many as 15 dorsal^ 
5 lumbar, and 5 sacral vertebrsa ^, and that the caudal vertebrae are numerous. 
The spinous process of the axis is very large, almost if not quite as much 
80 as in CerUetes (Fig. b). The vertebral processes are nearly as in 
ErinaceuSf also the scapula (Fig., a) and arm-bones, except that there is 
a suprancondyloid as well as an inter-condyloid perforation. Of the carpus 
I know nothing. The ilium has a marked external concavity, and the 
8pine of the ischium is singularly prolonged backwards. The obturator- 
foramen is elongated, the pubic symphysis is minute (Fig. e). The femur 
has a much stronger gluteal ridge than in Erinaceua (Fig. d), and the 
tibia and fibula (Fig. c) are not anchylosed together quite so high up, and 
the fossa on their conjoined anterior surface is still deeper. 

CoNDTLURA. Unfortunately I have not been able to exanune any 
skeleton or skull of this genus, neither is its osteology sufficiently described 
by De Blainville, though he has given excellent representations of its skull 
and skeleton'. 

Judging from these the cranial sutures appear to remain longer dis- 
tinct than in Tatpct, the meaius aucL exL to be larger and placed more di- 
rectly beneath the glenoid surface; the anterior end of the skull becomes 
narrower vertically, as also does -the mandible ; the pterygoid region seems 
less inflated, and perhaps there may even be a small tine pterygoid fossa* 
No fissure borders the epiotic. 

There are apparently 13 or 14 dorsal and 7 lumbar vertebne, but the 
other skeletal characters seem to resemble those of Talpa^ except that the 
ribs are more slender, the caudal vertebne more numerous, and the sca- 
pula narrower as well as the humerus; the acromion is large and more 
slender", the manubrium less extended, and the foramen narrower; the 
sickle-shaped bone is much smaller, and the ultimate phalanges of the 
manus do not appear to bifurcate. The tibia is relatively longer. 

rm, A *-^- 4. 3—3 1—1 4—4 3—3 22 .. 

The dentition* is i. ^—^^ C JZIJ^ ^'^ \ — \y **• gUs^ 22^ 

Of the upper incisors the 1st and 3rd are very large, the latter being 
caniniform. The 2nd is minute. The canine is a little larger than the 
second incisor, it is caniniform, with a trace of a posterior talon, and sepa- 
rated from the third incisor by a considerable intervaL The first three 
upper premolars are small, double-fanged, laterally compressed teeth, each 

« 

^ The vertebriB and ribs being nearly all separate the number may be greater than 
is here stated. 

' Loc, cit. Pis. I. and Y. and p. 19. 

' De Blainville, loc, cit. p. 20. 

* See De Blainville, loc, cit. PI. IX. and Dents des Mammifh'es, PI. XXII. &u, where 
F. Cavier represents but two incisors above and two below on each side. 
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with its mdimentary anterior and posterior cusp more developed than in 
TcUpa; they are separated hj intervals from each other and the canina 
The fourth premolar is larger and produced internally. The three tme 
molars appear to resemble almost completely those of Talptif except that in 
the first the two median cusps are subeqnal in vertical extent The two 
first inferior incisors are of moderate size and smaller than the first upper 
one. The 3rd lower incisor is very small. The lower canine is large, 
caniniform, and with a posterior talon. The lower premolars gradually 
increase in size from before backwards. Each consists of a principal cusp, 
with a small anterior one, and one or two small posterior onea When there 
is only one posterior cusp (as in the first premolar) it is much larger than 
the anterior one. The true molars are quite like those of TcUpa^ except that 
the vertical extent of the two external cusps of each is more equal. 

ScAL0Ps\ A complete skeleton of ^. aquaiicuSy and a detached skull of 
the same species, are preserved in the Osteological Collection of the British 
Museum. Both shew a very close resemblance to TcUpa, and the only 
differences I have noticed are the following : the lateral constriction 
behind the orbits is greater, the palate extends backwards a little be- 
yond the last molars, and the glenoid surface is situated a little more 
behind the foramen ovale, and more directly above, and rather nearer to, 
the outer opening of the meatus audilorius externus. The opening, also, 
which in Talpa boi-ders the epiotic on three sides, appears to be absent, and 
the spiculum, which encloses superiorly the infra-orbital foramen, is not 
quite so slender. 

. 3_3 1—1 3—3 3—3 20 „^ 

The dentition IS i. ~^—^, c. ^— g, p.m. ^-g, m. 3-3=^^ = 36. 

In the upper jaw the 1st incisor is very large ; the 2nd and 3rd are 
minute. The canine is large and conical, and much more vertically 
extended than is the first upper premolar. The 2nd premolar is about 
as vertically extended as is the canine, and more antero-poeteriorly so. 
The 3rd premolar is more developed. The true molars are quite like those 
of Talpay except that the cusps of the external cingulum are more equal 
to the median cusps in vertical extent^ and that the internal portion of 
each tooth is a little less developed. 

In the lower jaw the 2nd incisor is much larger than the Ist, and 
is nearly as long as the 1st upper incisor. The canine is generally con- 
sidered and represented as absent, but in one of the specimens in the 
British Museum there is a most minute and rudimentary tooth, which may 
represent it In that case the number of the teeth in this genus would be 38*. 

The 1st premolar, the crown of which is received between the upper 
canine and the first upper premolar, is a small simple conical tooth. The 
two following premolars are larger (especially the more posterior one), but 
each is a nearly simple tooth. The true molars are very much like those 
of TalpcL 

There are 14 dorsal, 5 lumbar, and 5 sacral vertebraa. The other osteo- 
logical characters seem to resemble those of Talpa, except that the dorsal 
metapophyses are less developed and the anterior phalanges of the manus 
less marked by bifurcating. 

ScAPANUS. Of other species, usually comprised in the genus Scalops, but 
with a greater number of teeth than S, aquoHcus has, one only is repre- 

* The Bkull of 8, aqiuiticiu (the type of the gemw) ia represented by De BlainTille, 
he. Ht. PI. y. (under the specific name Virginiana), and its dentition at PI. IX. The 
latter is also shewn by F. Cnyier, loc. cit. No. XXII. and by Owen, loc, eit, PI. CX. 
fig. 2. 

> Dr Le Gonte attributes 38 teeth to this species. Pro, of Acad, of Nat. 8eience$ of 
Philadelphia^ Vol. Ti. p. 826. 
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sented in the national collection, namely 8. ToumsendiV. It agrees with the 
pkull of JS. aqitaticuSf except that the post-orbital constriction is less marked, 
and that the palate does not extend backwards beyond the last molars. 

rm. J *%.. • 3—3 1—1 4—4 3—3 22 ,, 

The dentation 18 i. j— 3, c-^-j, p.m. ^-j, ^—- = -^U. 

The first upper incisor is much larger than the second, the difference 
being very much greater than in Tcdpa. The two next incisors, the upper 
canine and the first two premolars, are all small single teeth, of nearly the 
same size. The 3rd premolar is similar, but slightly larger. The 4 th and 
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Dentitioii of Scapanns Tovmtendii. Scale, 2 natural size. 

last premolar appears to be the first upper tooth, with two flEings. It 
is essentially like the corresponding tooth of Talpa, but the internal and 
posterior supplementary prominences are more developed. The true molars 
are like those of S. aquaticus. 

In the lower jaw the indsors, canines and premolars, are all small, 
simple teethy and they increase gradually in size from before backwards. 
The true molars &re like those of TcUpcL Of the rest of the skeleton I have 
no knowledge. M. Pomel', in 1849, in a very interesting memoir on the 
geographical distribution of the Insectivora, proposed the name Scapcmua for 
those species before associated with S. aqtuUicus^ but which have 44 teeth. 
Mr Baird has adopted this as a subgenus, but I am disposed to accord it 
generic rank'. 

^ The flkoll and dentition of this species are represented by Spencer F. Bainl, 
MammaU of N. America between the Mississippi River and the Pacific, 1857. PI. XXX. 
figs. 1 and S. 

" BtUletin de la Soe. OSologique de France^ Vol. vi. 1849, p. 66. 

* Dr Le Oonte, in a revision of the species of Scalops, read before the Academy of 
Natnral Sciences of Philadelphia (see Proceedings of that Society, Vol. vi. p. 826), pro- 
posed to unite the species with 44 teeth with Talpa, 



ON THE BRAIN OF DASYPXJS SEXCINCTUS. B7 Prop. Tubnei^ 

M. B., F. R S. E. 

In most systematic treatises on Comparative Anatomy incidental notices 
of the brains of the Edentata occur, and in several memoirs especially 
devoted to the anatomy of various members of this family more detailed 
descriptions are given. Tiedemann ^ (PL v. Fig. 8) figures and describes the 
brain of Myrmecophaga didactylus. Bapp' figures and describes the 
brain of Bradypus cuculliger. Hyrtl' describes the brain of Chlamydo- 
phorus truncatusy and compares it with that of Dasypus gymnurus. 
Tiedemann (PL v. Fig. 10), Bapp and Alessandrino^ describe and figure 
the brain of Dasypus novemoinctus, and Tiedemann (PL iv. Figs. 9 •& 10) 
and Flower* have given figures and descriptions of the brain of Bradypus 
(Cholcepus) didactylus. I have seen no special reference to the brain of 
Dasypus sexcinctus; and as I recently acquired a perfectly fresh adult 
female specimen of this animal I purpose giving an account of its eerebral 
characters. 

Dimensiont. Inches. 

Extreme length of encephalon 2*0 

Length of olfiictory lobe 0*5 

Length of inner face of cerebral hemisphere 1*1 

Length of cerebellum 0*6 

Greatest breadth of cerebrum 1*5 

Greatest breadth of cerebellum 1*0 

When a bird's-eye view of the encephalon was taken the olfactory lobes, 
separated from the cerebrum by a transverse constriction, were seen to lie 
well in front of its anterior end, whilst the occipital sur&ce of the cere- 
bellum was behind its posterior extremity. From the close relation 
between the tentorial surface of the cerebellum and the corresponding aspect 
of the cerebrum, the pineal gland and coq)ora quadrigemina were entirely 
concealed. The cerebrum itself, symmetrically divided into two hemi- 
spheres by the longitudinal fissure, was elongated in foi-m and flattened 
superiorly, much broader towards its posterior end than anteriorly. The 
outer face of each hemisphere presented a shallow depression which indi- 
cated the position of the Sylvian fissure, more distinctly marked, however, 
on the under surface through the elevation in front and behind it of the 
orbital lobe and natiform protubei*ance. Above the Sylvian fissure a long 
and shallow sulcus ran in the antero- posterior direction. It commenced 
anteriorly by the junction of two short fissures, whilst posteriorly it turned 
round the hinder end of the cerebinim to the inner surface, where it became 
continuous with the fihsure of the hippocampus. Between this and the 
longitudinal fissure a short and simple fissure extended for 4-lOths of 
an inch in the antero-posterior direction, whilst a deep fissure, commencing 
at the constriction of the olfactory lobe, extended for nearly half an inch 
obliquely backwards. By these fissures the outer face of the hemisphere 
was imperfectly divided into three tiers. 

When the hemispheres were separated the corpus callosum was seen to 
be only 3-lOthsof an inch long, so that the corpora quadrigemina projected 
behind it. On the inner face of the hemisphere a calloso-marginal sulcus, 
4-lOths of an inch long, was seen. In front it did not pass as &r as the 

* Icoiifs Cerebri Siittiamm et Mammalium rariorum. 

' Atuitomisclie Vntersxichxingen iiber die Edentaten, 1843. 
•' Denk. der Kais. Akad. WHVn. ix. 1855. 

* Mem. della Acad, di Bologna, vii. 1866. 

* PhiloRophical Transactions, 1866, p. 639. 
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anterior end of the corpns callosnm, bat posteriorly it extended behind it. 
The corpos callosnni wns inclined obliquely npwaids and backwards, it came 
to a &e»-poiiited end in front, without gono or roetmm, whilst poatariorij' 
it was rounded and continuous with the thickened band of fihra^ called 
' psalterium,' which connected together the great hippocampL The intar- 
ventricular septum was situated beneath the corpus callosam and in front 
of the psalterium. The °°'V^ fimbriatum foraioie formed the free edge of 
the hippocampus major. The fornix was prolonged for the most part 
behind the anterior commieaort^ but some of its fibrea were contiDued 
along the interventricular septum and descended in front of the aaterifw 
commissure. The anterior commissure was three times lat^r than in the 
brain of the rabbit The veiitricular aperture was crescentic The hippo- 
campal sulcus was well-marked and extended upwards as iar as the pos- 
terior end of the corpus csllosuui, where it disappeai-ed in the callosal 
g3rnia. The fiiscia dentata posseesed considerable breadth below and was 
prolonged upwards as a fine process behind the corpus callosum and then 
forwards as a narrow strip, parallel to its upper snr&oe, as far as its 
anterior end between it and the callosal gyrus. 





When a vertical transverse section was made through the hemisphere 
in the plane of tho anterior oommissure the corpus callosum was seen to 
turn sharply upwards towards the superior surface of the hemisphere, from 
which circumstance the ventricular cavity also ascended. The int«rvra- 
triculsr septum was 1-Sth inch broad. It reeted below on the anterior 
coramissnre, whilst^ above, it came in contact with the corpus callosiun. 
The anterior commissary nearly twice as thick as the oorpos callosum, 
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passed oatwards into the oorpora striata^ which were lai*ge in proportion 
to the size of this part of the hemisphere. 

The ol&ctory lobes were hollow and connected to the oerebrum by a 
strong peduncle, which passed backwards to the outer side of the elevated 
orbital lobule. The optic tracts and commissure were not strongly marked. 
The corpora albicantia were not visible. The pons 6-lOths inch broad. 
Optic thalamus possessed a corpus geniculatum. The depressions subdivid- 
ing the corpora quadrigemina were distinct, the testes overlapped the nates 
extemallj and came into relation with the optic thalami. Pineal gland 
small and placed on anterior part of nates, its pedundes well-marked. 
Posterior commissure much smaller than the anterior. 

The middle lobe of the cerebdlum was well-developed. The lateral 
lobes and the middle cerebellar peduncles were feeble. The medulla 
oblongata possessed considerable thickness. 

Amoogst the Edentata the surface of the cerebrum, as regards tho 
presence or absence of convolutions, exhibits a by no means uniform ap- 
pearanca Though by some anatomists classed along with the Insectivora 
and Rodentia as mammals with smooth brains, an arrangement which is 
supported by Tiedemann's description and drawings of the brains of 
Dasjrpus novemcinctus and Myrmecophaga didactylus, and which Rapp's 
description of D. novemoinctus in a great measure confirms, the Edentata 
are not throughout characterised by this simplicity of cerebral structure. 
For Alessandnno states that in the specimen of D. novemcinctus he 
examined £unt sulci on the outer surface of the hemisphere furnished 
indications of convolutions, Tiedemann and Rapp describe the presence of 
gyri on the brain of Bradypus and Cholospus, and in the specimen of D. 
sexcinctus now described the subdivision of the outer surface of the 
hemisphere by shallow sulci was undoubted. On the inner sur£EU)e also a 
short calloso-marginal sulcus was visible and the hippocampaJ sulcus was 
weU-marked, their general arrangement closely corresponding with the 
description and figure given by Mr Flower of the same parts in Choloepus 
didactylus. In the size and position of the corpus callosum and in the 
general arrangement of parts about the ventricular aperture the brain of 
this species of Dasypus closely agreed with Cholcepus; the fascia dentata, 
however, seemed in the former to be prolonged fui-ther forward on the 
upper sur&ce of the corpus callosum than in the latter. 

The examination of the brain of Dasypus enables me to point out in 
the Edentata, what I have already done in the Rodentia, Insectivora, 
Cheiroptera and Marsupialia', that the tentorial surfiice of the cerebellum 
is in close relation with the hinder end of the cerebrum, and that so long 
as these parts are in situ the corpora quadrigemina and pineal gland are 
concealed. Hence, not only Tiedemann, but Cruveilhier and Stannius, 
have committed an error in describing these bodies as imcovered by the 
cerebrum: a mistake which, probably, originated from not taking suf- 
ficiently into consideration the displacement of parts which to some extent 
occurs when the brain is removed from the cranial cavity. 

^ Proceedings of Royal Society of Edinburgh, March 3, 1862. 



NOTES ON AN INSTANCE OF IRREGULARITY IN THE 
MUSCLES AROUND THE SHOULDER JOINT. By Aim- 
ANDER Macalister, L.R.C.S., Demonstrator of Anaiomy^ Royal Col- 
lege o/SurgeonSf Ireland^ Assistant Surgeon to the Adelaide Hospital, 

An illastration of the gregarious occurrence of variations in the muscles 
of the forelimb of the human subject has come under my notice within 
the last session, from, which some interesting conclusions may be drawn 
regarding the correct homologies and homotypical relations of the muscles 
in the neighbourhood of the shoulder. 

While dissecting the right arm of a spare female subject in the ana- 
tomy room of the College of Surgeons, I found the following peculiarities. 
The STibscapularis, large and fleshy^ was divided into two portions by a 
deep fissure or clefb, lined by an involution of the subscapular aponeurosis ; 
the upper part was triangular and thinner, while the lower was stronger 
and thicker and quadrilateral in outline. Neither portion perforated the 
capsular ligament of the shoulder, but a bursa separated the tendon of the 
upper triangular part from a thin expansion of that structure. These por- 
tions had no relation to the twofold arrangement of the fibres described by 
Sommering and Cruveilhier; three &8ciculi of the superficial and two 
series of the deep fibres composed the upper part of the mass, while the 
lower part was made up of the two lower parts of the superficial fibres, 
and the remainder of the deep portion of the muscle. The iDterval be- 
tween these parts of the muscle corresponded to a line drawn from the 
centre of the lesser tuberosity of the humerus, to the junction of the in- 
ferior with the middle third of the vertebral border of the scapula. A tri- 
angular fleshy portion slightly separable &om the lower edge of the muscle 
arose from the middle third of the axillary costa, and was inserted into 
the inferior part of the capsular ligament, and into the inferior border of 
the neck of the humerus. This portion, although ouly distinct for the 
latter third of its extent, seemed to correspond to the small muscular slip 
which I have found perfectly distinct in some human subjects (subscapulo- 
capsular or subscapulo-humeral), and which exists distinct from the sub- 
scapular in many animals. Segmentation of the subscapularis is an ano- 
maly of infrequent occurrence, and one of which I have but seen one in- 
stance before, and in that case the two lower fasciculi of superficial fibres 
were separated from the rest of the muscle by the circumflex nerve {Proc. 
Royal Irish Academy^ 1866, ix. PL 7, figs. 1 and 2). The iliacua intemns 
muscle, which is the homotype of the subscapularis, rarely exhibits any si- 
milar segmentation, except that the occurrence of the ilio-capsular slip is 
frequent along the anterior and outer border of the muscle. No trace of 
a teres major muscle could be found, although a careful search was made for 
it, neither was the latissimus dorsi connected to the inferior angle of the 
scapula; the origin of that muscle was quite normal, and it was inserted 
into the inner lip, or more accurately into the floor, of the bicipital groove. 
No bursa existed behind its tendon, such as we generally find separating 
it from the insertion of the teres major. The latissimus tendon was in- 
serted by two layers, one, the upper, being attached directly to the bone^ 
while the lower half was attached to a tendinous sling united to the hu- 
merus above and below, and free in the centre. 

The coraco'hrachiales had likewise a tendinous sling of insertion to 
which its deep fibres were attached, and this arched over the tendon of the 
latissimus. This mode of insertion is very common in this muscle, and is 
figured by Hen]e,%n his Mtiskellehre, as the normal arrangement. 

In examining the attachments of the coracoid muscles and ligaments^ 
I found a double ligament of the notch, the deeper slip crossing the supra- 
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scapular neire and rein, while tbe artery croesed beneath the most super* 
fidal hand. This aVrangement is not very uncommoDy and is mentioned 
by Weitbrecht, in his sSyndesmologia, The coraoo-acromial ligament con* 
sisted of a quadrilateral narrow band, posterior to which the coracoid pro- 
cess presented a small grooved surface covered by a synovial bursa, over 
which wound a distinct flattish fasciculus of the pectoraUs minor tendon, 
this portion crossing the root of the coracoid process, wound downwards 
and outwards, and was inserted into the capsule of the shoulder and into 
the upper edge of the glenoid cavity. The rest of the lesser pectoral ten- 
don was inserted into the coracoid process; but this continued slip, which 
was about one-fourth of the entire tendon, passed about one inch beyond 
the bony process. Such an arrangement of the lesser pectoral is of com- 
paratively rare occurrence, although it is very liable to be overlooked*. 

When, as is generally the case, the coraoo-acromial ligament is trian- 
gular in shape, it is most frequently deficient for a small extent in the 
centre, and often a regular semicircular orifice exists opposite about the 
middle of its coracoid attachment; or, as is not seldom the case, when this 
ligament is made of an anterior and posterior fasciculus an interval com- 
monly exists between them ; to this space a portion of the tendon of the 
lesser pectoral always corresponds. Ou the posterior aspect of the coracoid 
process in ordinary cases there will be found a fibrous band of a variable 
degree of strength, to which I have given the name coraco-glenoid, from its 
most ordinary attachments {Proc Royal Irish Academy , ix. PL 4, fig. 1, c). 
This fiisciculus, in a Rpecimen before me at present, measures three lines in 
width and passes obliquely downwards, backwards, and a little inwards, to 
be inserted into the neck of the scapula and upper margin of the capsular 
ligament. Tracing the direction of the fibres of this bundle over the upper 
Burfiice of the coracoid process, we arrive directly at the point of insertion 
of the pectoralis minor, and this, together with the occaHional origin of the 
ligament from the margin of the deficiency in the coraco-acromial ligament, 
and with the fact that, in the present instance, no trace of this coraco-gle- 
noid fasciculus could be traced, leads us to the conclusion that it is at least 
probable that this fasciculus is the displaced and disconnected remains of 
the prolonged tendon of the lesser pectoral. For, if we take as the starting 
point of our investigation of the typical arrangement of this muscle — ^its 
condition in the bird — we there find the second pectoral winding through 
an interspace between the outer extremities of the bones forming the sca- 
pular arch, in order to be inserted into a point high upon the humerus; 
then in man we find it attached to the diminished representative of the 
coracoid bone, with its prolongation to the humerus suppressed, and the 
muscle converted from an elevator of the humerus to a depressor of the^ 

^ ^ Mr Wood, who describes a similar anomaly, found it in five oases oat of thirty- five ; 
this is, however, probably rather an unusual degree of frequency, as I have not found 
it to exist much oftener than once in that number of subjects, and in these it is not con- 
stant as regards position, course, or being present on both sides. Harrison, in speaking 
of the lesser pectoral, mentions that "a band of the tendon frequently passes over 
this process through the triangular ligament, and is connected to it, or to the tendon 
of the supra-spinatus, or to the capsular ligament of the shoulder-joint** (Dvhlin 
DUtectoT, I. p. 79) ; and Benson mentions that in some rare cases the entire tendon 
passes through the ligament to join the capsule of the shoulder {Cycl. Anat, and Phyt» 
I. p. 859), otherwise this oocurrenoe is passed by in most of the test-books of anatomy. 
In my own experience I have never seen the entire tendon crossing the coracoid 
process, but I have found a very liurge portion of it, about one-half of the whole tendon, 
BO disposed and inserted into the tendon of the supra-spinatus; more commonly a fasci- 
cle is connected with the triangular ligament, and most frequently of all the lowest 
part of the tendon, missing as it were the ooraooid process, is inserted into the ooraco- 
braohialis muscle, one step towards the humeral degradation of insertion which we find 
in manv of the Quadrumana and Camivoia. 

In the instance under consideration the reflected portion of the tendon was perfectly 
distinct from the supra-Bpinatiis tmdon, anterior to which it was inserted. 

VOL L 22 
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scapula. From these considerations it seems probable that, in the irregu- 
larity before us, we have as it were a reversion to the original or typical 
condition of the muscle, and likewise that in many other subjects the sun- 
dered representatives of the humeral insertion is to be found in the ooraooid 
attachment and in the coraoo-glenoid ligament, otherwise it would be diffi- 
cult to account for the presence of that band either on morphological or 
teleological grounds. It seems to be as truly the tendon of the pectoral as 
the ligamentum teres of the hip is the altered homotype of the intra-cap- 
sular portion of the long head of the biceps brachii in tiie shoulder. 

Cases are on record of other pectoral attachments to the capsule of the 
shoulder, the most interesting being that described by A. De Souza, in 
which the poctoralis minor was directly attached to the cafisular ligament, 
no mention being made of any trochlear relation to the coracoid procesH 
(Gazette Medicate de Paris, 1855, No. 12). This seems to be sinular to 
the mode of insertion found in many of the Qnadrumana, a lowering of the 
insertion explicable, in the manner before alluded to, from the diminution of 
the coracoid bone. Qantzer records the presence of a muscular slip passing 
from the cartilage of the first rib to the capsule of the shoulder beneath the 
pectoralis minor, but this would represent more probably the third pectoral 
of the bird. 

This irregularity may perhaps indicate an interesting point r^arding 
the homotypical relationship of this muscle; for, as in the shoulder, the 
tendon of this muscle passed from before first upwards and btickwards to 
the coracoidean trochlea, and thence turned backwards and outwards and 
was inserted into the capsular ligament corresponding to the inner and 
bicipital side of the great tuberosity; so, in examining the muscles of the 
hip, we find a corresponding course in the case of the obturator intemos, 
which passes through the lesser ischiatic notch (on the ramus of bone h<HDO- 
typical with the coracoid process), and which, crossing and sometimes united 
to the capsular ligament, is inserted into the tix)chanteric fossa on the aspect 
of the femoi*al trochanter corres]x>nding to the humeral tuberosity. The 
difference of origin of these representative muscles can be easily under- 
stood, especially if we regard the ilio-pectineal line of the os innominatum 
as the trace of a sacral rib or hssmal segment united to the basal segment 
of the lower limb, in which case we may say that the obturator muacle pos- 
sesses practically a costal origin. 

Of the other anomalies presented in this arm thei*e were few of interest ; 
the pronator quadratus was disposed in two strata, the most superficial 
being the lower, whose tendinous attachment was ulnar, and which overlay 
the deeper stratum, whose radial attachment was tendinous and whose 
origin was fleshy. A small band imited the flexor profundus digitum with 
the flexor pollicis longus. The flexor sublimis muscle detached a slim ten- 
don to the little flnger, which, crossing that of flexor profundus, was in- 
serted on the outer side of that tendon, and was not split for its trans- 
mission. Beneath the origin of flexor sublimis a small pear-shaped muscle 
arose from the inner condyle of the humerus, and ended in a long tendon 
which, traversing the palmar region, united with the little finger slip of the 
flexor profondus opposite the metacarpo-phalangeal articulation in that 
finger. 

In the upper extremities of another female I found the following mul- 
tiple variations, most of them constant on both sides. 1. A double pecto- 
ralis major, in which not only were the clavicular and costal fibres sepa- 
rated, but the latter fibres were in two strata one over the other, and of 
these the deepest formed the suspensory fraenum of Winslow. 2. A small 
sternalis brutonmi on the lefb side. 3. The biceps was split for more than 
three-fouHhs of the arm. 4. A small fleshy fasciculus, about four inches 
long, dipped from the middle of the deep surface of the biceps, downwards 
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and backwards, to join the tendon of brachialis anticus, 5. A round mus- 
cular band ran from the lower third of coraoo-brachialis to the internal in- 
termuscular septum OTer the brachial artery and median nerve. 6. The 
ooraco-brachialis was much deft at the point of transmission of the mus* 
cnlo-cutaneous nerve, and had a strong tendinous sling of insertion. 7. The 
flexor longi i-adialis arose by a second head from a slip of the tendon of the 
bioeps and from the deep surface of the semilunar fiiscia, this head being 
separated from the condyloid origin by the median nerva 8. A triple in- 
sertion of extensor oasis metacarpi pollids into the short abductor poUiciSy 
(he trapezium, and the base of the first metacarpal 9. The palmaris 
longus contributed a laige &8ciculus, which gave an origin to the short ab- 
ductor poUicis, which latter muscle was bicipital 10. The inner and 
deeper portion of the flexor sublimis was digastric, having a central tendon 
and detaching two fleshy slips inferiorly, which ended in the tendons for 
the little and index fingers. (A similar arrangement I have met with in 
the outer part of tlus muscle, the double-bellied part sending off tendons to 
the outer pair of fingers. Meckel describes the entire superficial flexor of 
the loris as being digastric, a condition towards which this seems to be an 
approach, Froc Royal Irish Academy^ Vol ix. p. 21). 11. The flexor 
carpi radialis possessed a deep tendinous head from the ulna below the 
coronoid process, and this was separated from the condyloid origin by the 
median nerve. This muscle had three origins, one condyloid, one coronoid, 
and one bicipital, as before-mentioned. 12. A large and distinct subsca- 
pulo-oapTiular muscle was present, and (13) a large pear-shaped coronoid 
slip to the flexor pollicis longus. 



THE PHYSICAL AND PHYSIOLOGICAL ACTION OP MEDI- 
CINES. By Wm. Mubrat, M.D. M.RC.P. Lend. Lecturer an Fhy^ 
biology in the College of Medicine^ Newcastle on Tyne, 

It is exceedingly dangerous to draw too close a comparison between the 
action of a living body and an inanimate mechanism, no matter how 
skilful, delicate, and perfect its device may be. Even as an illustration 
such a comparison may mislead the unlearned, by giving them to suppose 
that the likeness goes beneath the surfieuse; for not in appearance only but 
especially in internal arrangement is the handiwork of man rude and 
mechanical beside the simplest organism. If, therefore, the thing itself is 
beyond comparison, we miglit naturally suppose that the forces operating 
in and on an organised being could find no counterpart in, or relationship 
with, the forces by which other machinery is propelled ; but this is not so, 
tor the advance of knowledge tends to 'show that the forces in action are 
to a great extent the same in the case of the steam-engine and the human 
body, or in the floating ship and the buoyant bird. The difference lies in 
the things acted on, not in the agents at work; and it lies chiefly in this, 
that the inanimate mechanism of the one offers a field for the operation 
of one or two forces which lead to a limited number of results, while the 
living organization of the other offers a field for the operation of almost 
all the forces leading to an infinite variety of results. 

With these precautions we will venture to illustrate what we mean 
by *^ The physical and physiological action of medicines," by comparing 
their effects in the human organization to what takes place in the working 
of any piece of skilful mechanism which is affected by the ordinary forces 
of nature. Let us take an ordinary steamboat for our comparison. In it 
we have internal arrangement, external device, general coidiguration, and 
adaptation to meet the various agencies which may be at hand, and to use 
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them by affording a field for their operation. By altering any of these 
parts of the vessel she may be improved or injured, brought up to or 
allowed to depart from the standard of perfection; and by altering the 
character of tiie propelling forces, or external agents, we may obtain 
similar fortunate or unfortunate results. 

The exact adaptation of the vessel in all its parts to those conditions in 
which it exists for the attainment of certain desired results corresponds to 
health; to disturb these external conditions, or alter the appointments of 
the vessel, leads to disorder or disease^ and the extent of such alteration 
or disturbance is a correct index of the amount of disease produced. 

A truly expressed science of medicine will never be produced until 
we start from these data, and characterize dineases by terms expressive of 
the exact kind and degree of their departure from the standards of health, 
nor will the true actions of medicines, or other aids to health, be appre- 
ciated till we know how and to what, extent they restore these conditions of 
health. What is wanted is to trace the steps by which medicines proceed 
to the cure of disease, and see whether that can be discovered which will 
enable us to say d priori what result will follow the administration of a 
medicine; not because we have learned this from experience, but because 
we know what kind of action it will produce, and because we know 
d priori that this action will exactly remedy the lesion which exists. From 
the days of Hippocrates till now we have gone on accumidating mere 
empirical facts, and in this way we have sometimes managed to cure 
disease; but to this very day we have failed to ascertain the steps by which 
our cures were achieved ; and medicine will hardly maintain a place among 
the advancing sciences unless physiology dawns upon her darkness and 
enables us to see more than the mere beginning and end of what we are 
doing. 

In all sciences there are certain facts which are said to be ultimate;, 
facts incapable of further explanation, and not the result of any combina- 
tion of simpler forces than that which they themselves express : such a fact 
is the attraction ef bodies to the centre of the earth resulting from or the 
expression of the force of gravitation. Around all the great forces there 
cohere a large number of these ultimate facts, and when we have traced 
anything 'which occurs in the animal economy to its source iii those ulti- 
mate actions which rest upon a force whose laws we understand and can 
test by exact experiment, we have traced it to its origin. In the body, 
however, we constantly meet with processes which are not in accordance 
with any known law of physics, chemistry, or physiology; so that we 
cannot expect to go far in the endeavour to explain the effect of medicine 
on those processes which are as yet beyond the pale of science. Never- 
theless it is our duty to try for an explanation in physical, chemical, and 
physiological laws, which are known to prevail, and failing here, to wait 
until these sciences have thrown more light upon the mysterious region of 
the so-called vital forces. 

Seeing that the mysteries of life are every day becoming more evidently 
resolved into the operation of very simple forces, the prospect of rescuing 
the action of remedies from obscurity is most encoui*aging; and it bids us 
look for very simple explanations instead of shrinking from the effort with, 
awful convictions that no explanation can be given. 

Let us try our method on one of our ordinary remedies, and let us take 
one whose actions have been well observed but never explained. Calom/d^ 
which I use as a term for any mercurial preparation, effects various chiuiges 
in the body, and has been called a purgative, a cholagogue, an alterative 
general resolvent, deobstruent, <&c <ba 

One and all of its actions can however be referred to a series of pro- 
cesses which lead to a rapid passage of fluids through the various membxanes 
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6f the body. It acts on the absorbing and secreting surfaces, effects tJte 
passage of fluids from, the tissites irUo the blood through walls of blood- 
vessels and absorbents^ and it promotes, we aver, the passage of certain 
nntriti^e portions of the blood through the walls of blood-vessels into the 
tissues. Bringing the action of this remedy face to face with forces known 
to prevail in the body, we are struck with the likeness which it bears to 
the action of the osmotic forces; t^ese, by encouraging a mutual inter- 
change of fluids through animal membranes, being pre-eminent in bvingmg 
about abtiorption, secretion, and nutrition. May not calomel act therefore 
by affording such conditions to the osmosing membranes and fluids as will 
greatly facilitate their activity) and may not its action be related to the 
still more complicated series of physical laws which regidate the dialysing 
properties of these same animal membranes and fluids? conferring upon 
them not only the power to pass fluids to and fro, f>ut also the power to 
select what shall and what shall not be disposed of in this way. 

From these considerations calomel ought to cause the absorption of 
material which is deposited in the tissues — and so it does ! it ought also 
to eliminate certain matters from the blood, which it does ; and it ought 
to be a promoter of nutrition, because the passage of matter from the blood 
to the tissues is another important process dependent on the osmotic and 
dialytic foixses. Is calomel a promoter of nutrition ? we affirm it is, when- 
ever the extent to which it induces the passage of nutrient matter into 
the blood and fiL*om the blood into the tissues is not exceeded by the drain 
of secretions from the blood. 

That there are cases in which it thus acts in certain; it often acts as a 
nutrient in the child by promoting osmose in the right direction, and in 
the child it seldom acts on the secreting organs to such an extent as to 
impoverish the blood. 

These double actions in contrary directions are at the basis of all 
osmotic changes, and in their action in the body we see how beautifully 
osmosis is adapted to maintain the balance of the absorbing and secreting 
processes. When the osmotic balance is lost we have disease, and when it 
is restored by medicine (calomel) we have healtL 

In ptyallsm the action of calomel on the bowel is checked, and its 
osmotic effects thrown u{)on other secreting organs, such as the salivary 
glands; the kind of action, i e. the direction of the osmotic current, is, 
however, the same, for in ptyalism we continually observe the absorption 
of material from the tissues into the blood. The effect of mercury upon 
the quantity of fibrin in the blood is not at all adverse to the correctness of 
our theoiy ; but want of space forbids us to enter on this question here. 

To retiurn to our illustration, we have been doing what the mechanic 
does when he discovers something which alters the speed of his vessel. He 
investigates the steps by which the alteration is brought about, and finds 
it, it may be, in something which causes more carbon to be burned^ more 
heat to be developed, more steam produced, or more pressure to be exerted 
on the piston. Wherever the cause is found the secret of its operation 
must be discovered, or he has gained in the result nothing moi*e than an 
empirical iact applicable to a single case; but when he has discovered the 
real nature of the result and the steps by which it is produced, how immense 
have his resources become! This discovery once made enables him to 
apply his knowledge in a thousand ways hitherto beyond his conception. 
With the mechanic the steps of his investigation are comparatively easy, 
but the success attending it calls upon us to follow his example with 
unwearied exertion. We may accumulate the restdts of medicinal action 
for ever without making one-half the advance in our power to heal disease, 
which would be attained in the thorough understanding of the exact 
process by which a few of our well-known remedies bring about a cure, — 
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eented in the national collection, namely S. Toumaendii^, It a^irees with the 
9kall of S. ctqiuUicuSy except that the post-orbital constriction is less marked, 
and that the palate does not extend backwards beyond the last molars* 

The dentition IS Lg— 3, c.-^— j, p.m. ^-j, il 3-3=^^ = 44. 

The first upper incisor is much larger than the second, the difierence 
being very much greater than in Taipa. The two next incisors, the upper 
canine and the first two premolars, are all small single teeth, of nearly the 
same size. The 3rd premolar is similar, but slightly larger. The 4th and 

Dentition of Scapanus Totpruendiu Scale, 2 natural size. 

last premolar appears to be the first upper tooth, with two fangs. It 
is essentially like the corresponding tooth of Talpa, but the internal and 
posterior supplementary prominences are more developed. The true molars 
are like those of S. aqwdicui. 

In the lower jaw the incisors, canines and premolars, are all small, 
simple teeth, and they increase gradually in size from before backwards. 
The true molars are like those of Talpa, Of the rest of the skeleton I have 
no knowledga M. Pomel', in 1849, in a very interesting memoir on the 
geographical distribution of the InstcAiv&ra^ proposed the name Soapantu for 
those species before associated with S. ctqiuUicuSf but which have 44 teeth. 
Mr Baird has adopted this as a subgenus, but I am disposed to accord it 
generic rank'. 

^ The flknll and dentition of this spedes are represented by Spencer F. Baird, 
MammaU of N, AmMca hetwem the MiasisHppi River and the Pacific. 1867. PL XXX- 
figs. 1 and 8. 

• BuUetin de la Soc, Qiologiqut de France, Vol. vi. 1849, p. 66. 

* Br Le Gonte, in a revision of the specieB of Scalops, read before the Academy of 
Natnral Sciences of Philadelphia (see Proceedings of that Society, Vol. vi. p. 326), pro- 
posed to unite the species with 44 teeth with Talpa, 



ON THE PHYSIOLOGICAL ACTION OF THE CALABAR 
BEAN (^Physostigina venenosum, Balf.). By Thomas R. Fraser, M.D. 
F.R.S.E. Assistant to the Professor of Materia Medica in the Uni- 
versity of Edinburgh. 

The peculiar actions of Calabar Bean on the pupil and on vision have been 
investigated by nearly all the leading ophthalmologists of Europe and of 
America, but the genenil physiology of this substance has occupied the 
attention of comparatively few observers.' The results obtained by the lat- 
ter have been diiscordant, and, therefore, many of their conclusions are of 
necessity erroneous. This investigation was undertaken for the purpose of 
establishing and supporting the opinions I published on this subject in 
1863. The leading results obtained at that time were that Calabar Bean 
causes death by either asphyxia or syncope ; that the former is due to an 
effect on the spinal cord and on the respiratory centres ; and that the symp- 
toms resemble those of syncope or asphyxia according to the quantity of 
poison administered and to its rate of absorption \ 

The actions on the pupil and on vision will be merely alluded to, as 
this portion of the subject has not been completed. Enough has, however, 
been done to convince me of the insufficiency of the views hitherto advanced 
and to surest the advisability of extending my observations. 

To Professor Harley, of London, we are indebted for several very able 
papers on this subject. The principal conolusionB at which he arrived 
were, that Calabar Bean paralyses the motor nerves and so causes death by 
asphyxia, and that, while it may weaken the heart's power, it neither stops 
the circulation nor arrests the heart's action : in fact, that the mechanism 
of death by Calabar Bean is very much the same as that by either curare 
or conia*. The result of my investigations obliges me to express my non- 
concurrence with Dr Harley's conclusions. Calabar Bean causes death by 
asphyxia ; but the most careful examination has failed in shewing me that 
this asphyxia is due to a paitJysis of the motor nerves. In more than one 
hundred and twenty experiments in which I tested the condition of these 
nerves immediately after death, stimulation, whether galvanic or by means 
of dilute acids, invariably gave evidence of their continued activity; and 
I have never found that the motor conductivity has been destroyed until 
a considerable interval has elapsed since the arrest of the respiratory move- 
ments. Dr Harley alludes to an experiment on a rabbit, in which he 
tested the condition of the motor nerves, but he does not, unfortunately, 
mention how long after death his examination was made*. I have found 
that the interval during which they remain active varies greatly in dif- 
ferent animals, and in the tome animal according to the dose of poison 
administered. In the rabbit, motor conductivity may be retained for periods 
ranging from four to thirty-one minutes, and it may be lost within eight 
minutes affcer the autopsy was commenced, which was never done, in these 
experiments, until a few minutes after i-espiration had ceased. A distinct 
but short period has always occurred in dogs and rabbits, and a much 
longer one in frogs, in which it was unimpaired. I am inclined to account 
for this misstatement on the 'part of so acute an observer, by supposing 
that the examination of the motor nerves had not been made veri/ soon 
afier death. 

We must, therefore, look to other causes for an explanation of the 
asphyxia which is sometimes produced. An examination of the diastaltic 

• 

^ On the Characters, Actions and Therapeutic Uses of the Ordeal Bean of Calabar, 
Edin, Med. Journal, 1863 ; and Pamphlet. Graduation Thesis, 1862. 

' Journal de VAnatomie etdela Physiologies 1864, p. 141 et seq. 

■ Op. cit, p. 161. 
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function of the spinal cord confirms, in the most satisfactory manner, the 
opinion which I originally expressed, that this symptom is caused by an 
effect on the spinal cord, of such a nature as to weaken and then to destroy 
its reflex function. 

Experiment I. A frog was Buspended by its lower jaw and the reflex activity tested 
by dipping the web of both posterior extremities in dilute* sulphuric acid (11 min. oil of 
vitriol to 12 oz. of water). The exact time which elapsed between the contact of the 
foot and the resulting reflex movement was ascertained by the beats of a metronome, 
set at one hundred to the minute. Before the administration of the poison the reflex 
movement occurred in twelve beats. A large dose of extract of Calabar Bean was 
injected into tiie abdomen. 

In 5 minutes reflex movement occurred in 15 beats. 

« ■ • X V ••» ••• «•» ••• 

• ■•XO ••• *■• ••• ••• 

« • • 4w w ■•• ••■ ••• ••• 

• •• wV ••• ■«• ••• ••• 

• ■ « O w ■•• •■> ••• «■• 
- ■ • • Ow ■■• *•■ ••• •«• 

40 

• • • VV «■• •■• ••■ •■• 
• • • t/ w •■• •■• •■• ••« 

• ■ • t/ V •■• «•» ••• ••■ 

... Ihr. 5m^ no reflex movement after 250 ... 
... Ihr. 15 m. strong acid caused no movement. 

The sciatic nerves were then exposed, and weak and carefully localized galYanism 
applied to either trunk caused eneigetic contractions of the limb below the portion 
stimulated, and these contractions could be obtained for two hours after the injection of 
the poison. 

While denying that the asphyxia produced by Physostigma results 
from any implication of the peripheral motor apparatus, I admit that this 
poison exerts a special action on these nerves. Motor conductivity is lost 
more rapidly, in mammals and birds, than after death by agents or means 
which do not affect these nerves. We can in frogs definitely prove this 
action if we protect a poi-tion of the animal from the poison by ligaturing 
the blood-vessels of a Umb. 

Experiment II. The right iliac artery and the right ischiadic vein were tied in 
a frog, weighing six hundred and twenty grains, and five grains of alcoholic extract of 
Physostigma, suspended in thirty minims of distilled water, were injected into the 
abdominal cavity. In twenty minutes, voluntary movements had completely eeaeed, 
iJiere were no respirations, and the frog lay in a perfectly flaccid condition. Fifty 
minutes after the administration of the poison, the left sciatic nerve was 'exposed: veiy 
weak galvanism of the nerve-trunk caused contractions of the limb, and continued to do 
BO, on occasional observations, till two hours and ten minutes from the commencement 
of the experiment, or until fifty minutes after the respirations had ceased. It was, 
however, found to be completely paralysed in other fifteen minutes, or in two hours and 
twenty-five minutes after the poison was injected. The right sciatic nerve, which had 
been protected from the influence of the poison by ligature of the blood-vessels of the 
limb, was examined in a similar manner. lu motor canduetivity continued unimpaired 
for at least five hours longer than that of the poisoned nerve. 

This is merely an example of numerous experiments which were under- 
taken for the special purpose of examining this effect of Calabar Bean. 
From this experiment it can also be shewn that the endorgans of the motor 
nerves are paralysed before the nerve-trunks. If, after a stimulus, applied 
to any portion of the nerve of the poisoned limb, is followed by no muscular 
c<)ntractions of that limb, we place our electrodes on the nerve of the non- 
poisoned leg above the portion ligatured (that is, where the poison had 
access to the nerve-trunk), contractions will follow as readily as when these 
are placed below the ligatures (that is, where the nerve terminations were 
not poisoned). This result may be confirmed by protecting the endoigans 
only from the poison, as by ligaturing the vessels of the gastrocnemius, 
when the muscle supplied by the protected endorgans will alone contract 
on stimulation of the nerve-trunk. 
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I>r Harley denies that death erer results from synoope after the admi- 
nistration of this poison. In a former publication I have given details of a 
most satisfactorj description, in which Calabar Bean eansed death by its 
action on the hearty and mj facts are supported and confirmed by other 
observers'. Until good cause can be shewn to discredit these observations^ 
something further than a mere statement, unaccompanied by proof, is 
required to support Dr Barley's opinion. It would, therefore, prolong this 
paper in a very unnecessary manner were I to re-narrate the evidence on 
this point, or to state the many confirmatory experiments I have since made. 
It will be sufficient to shew that no connection of cause and effect ueces- 
cessaiily exists between the impaired respiratory movements and the car« 
diae psjslysis. 

Experiment HE. In a large retrieyer dog it vas found that the mean nmnber of 
respirations was ten, and the mean nmnber of cardiac contractions one hundred and 
twenty-six, during seven minutes inunediately preceding the injection of six grains of 
extract suspended in water, into the right jngular vein. 

1 min. after the injection the respirations =10, cardiac contractions =78 per min. 

••• ..« »•• ... 2six, .,, ,,, ^o4 ... 

.•• ••• ... ... ^*" 9f ... ... ^—40 ,,, 

... •»• ••• .*. ^— »f, ... ... ^3 o ,^^ 

• «. ... ••• ... ^— Xv, ••. ... .S ^Vf ,,, 

.•• •■• ... *.. ^^ JiVf ..• ... *^ XO ..«b 

... ... .«. ... ^^ V, ■•« ... sz y 

.«. ■*. ... •■• "^ v, ... ... ^z \j ^ 

This experiment gives the result that, in one minute and thirty seconds after 
the poison was administered, the cardiac contractions had fallen to lees than one half, 
while the respiratory movements had increased by one per minute, and it distinctly 
shews the absence of any respiratory change to cause the marked effects which were pro- 
duced on the heart's action. 

Experiment IV. A frog, weighing 460 grains, had its heart exposed by removing 
the sternum. It was acting at the rate of 48 beats per minute, while the respirations 
were 72. Five minutes afterwards, the heart was contracting at the rate of 45 per 
minute, while the respirations were 74. One grain and a half of extract suspended in 
water was injected hy Wood's syringe under the skin of each thigh (three grains in all). ' 

In 6 min. Heart = 86 per min. Bespirations= 74 per min. 
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The heart continued to act in an irregular manner for at least eight hours after the 
injection, when the observations were stopped. 

These experiments prove distinctly that Calabar Bean has a direct in- 
fluence on the heart, which is quite independent of the indirect. influence 
which it may exert on this organ by arresting the respiratory movements. 
I think the evidence I have given is sufficient to shew that Dr Harlev has 

1 Op. eit. Experiments 8, 6, 11, 14, 15, 26. 

' Christison, Monthly Medical Journal, Vol. xx. 1855. Nunneley, On the Calabar 
Bean, dte, 1868, p. 28. Pamphlet. Yon W. Ijaschkewich. Yixohow's Archiv. Februar. 
1866. 
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to an important extent misinterpreted the phenomena whidi are prodaced 
by Physostigma. 

Mr Nunneley, of Leeds, has made an interesting series of experiments 
vith CaUbar BeAn\ He appears to consider that its effects are principally 
dne to a special action on the hearty but he admits that the dose and mode 
of administration of the poison may so far modify its effects as to cause 
symptoms of either syncope or asphyxia, I cannot agree with Mr Nunneley 
in his farther statement, that both these results are caused by a common 
action of Fhysostigma on the heart and on voluntary muscles. In main* 
taining that genered muscular contractility is lost, Mr Nunneley occupies a 
position which is contradicted, as fiir as I know, by every writer on 'this 
subject, and his statement is unsupported by any observation which he has 
published. Far from this being the case, one of the very last symptoms of 
vitality is the retained idio-muscular contractility. The voluntary muscles 
always contract long after motor nerve-conductivity has been destroyed, 
and, in frogs, I have seen distinct muscular action produced by galvanic 
stimulation five days after the administration of a poisonous dose. In this 
respect it causes an analogous effect to curare', for while in parts separated 
by ligature muscular contractility is lost within three days, in the poisoned 
parts it may be retained for two days longer. 

Dr Anstie has done me the honour of criticising that portion of my 
former publication on this subject which refers to the pupil changes pro- 
duced by the constitutional action of Calabar Bean, in his able and original 
work on JSHtnuUmts cmd Narcotics, As I have already indicated my 
intention of returning at a future opportunity to this branch of the in- 
vestigation, I merely, in courtesy to that distinguished observer, wish to 
refer to one statement which he has made. It is to the effect that Phj- 
sostigma does not cause contraction of the pupil ^ when the blood is fully 
poisoned with it ; that it is only the slighter influence, which can alone 
be produced on iridal movements by local application which causes contrac- 
tion;" and that ''a dose of the bean (taken internally) such as is suffi- 
cient to produce acute general poisoning falls -with destructive force upon 
the sympathetic system, producing paralysis of the heart, and dilatation of 
the pupil ^" I hope to be able to discuss the theories involved in these 
assertions on a future occasion, but, as I believe the facts are erroneous, and 
as they are contradicted in my conclusions, I take this opportunity of 
stating some of the evidence bearing on them. I find that in twenty-five 
of my experiments, in which the effects were produced by internal admi- 
nistration, the condition of the pupil was carefully noted, with the results 
given in the adjoining table. 

In many other experiments the pupils are described as having con- 
tracted during the poisoning, but the exact chauges were not measured. 
In two or three out of more than a hundred, the pupils are said to have 
been dilated at the time of the observation. It is possible that this di- 
latation had not been preceded by a stage of contraction, but I prefer 
to believe that the examination happened to have been made when the 
latter had given place to dilatation. In the Table, Experiments 46, 49, 81, 
96, 99 and 110 illustrate the occasionally rapid change from contraction to 
dilatation, and, unless s])ecial and continued attention be directed to the 
condition of the pupils, it is obvious that contraction will frequently escape 
detection. Harley^ Am^d4e Y^^ Nunneley', Laschkewich^, and van 

^ Op. cit. and Lancet^ 1863. 

' Glandd Bernard, Le^om tur let tfftU det Stibetances Toxiqv^t. 1857. p. 820. 

' StimulafUs and Narcotics. By Francis E. Anstie, M.I). ise, 1864, p. 481. 

^ Op, cit, p. 140. * Recherches tur la Fhve du Calabar, 1865. p. 22, Ac 

« Op, cit. p. 12. 7 Op. cit. p. 300. 
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Hasselt' a^ee in describing contraction of the pupils as one of the effects 
which follow the internal administration of Calabar Bean. 

Dr Laschkewich of St Petersburgh has recently published an elaborate 
investigation, and Has, in a most satis&ctory manner, confirmed my results. 
The conclusions which this physiologist has arrived at are : — 1. Calabar 
Bean affects the spinal cord, and so produces a general paralysis. 2. It also 
paralyses the heart 3. Division of the nervi vagi does not prevent the heart 
from being influenced. 4. Calabar Bean causes contraction of the pupils 
either by topical application or by action through the blood. 6, It in- 
creases the flow of saliva and of tears. 6. The sympathetic nerves and 
intestinal muscles are paralysed by Calabar Bean. 7. The peripheral 
nerves, the muscles of the body, and the brain are not affected. 8. When 
the poison was put directly into the blood, death followed by cardiac para- 
lysis ; but when it was injected under the skin (i. e. by slow poisoning) 
death was caused by asphyxia. 

The sixth and seventh of these conclusions are not strictly in accord- 
ance with my restilts. On the former, I must refer to the 14th and 19th 
of the general conclusions at the end of this paper; and, on this point, I have 
the support of so trustworthy an observer as Professor Donders^ Dr 
Laschkewich has evidently overlooked the paralysis of the motor endorgans 
by restricting his examination to the question of how far the motor nerves 
are concerned in the production of the general paralysis. Finding that 

^ The figures represent fiftieths of an inch : the measwementB were made with a 
glass scale each division of which equalled the one fiftieth of an inch. 

* Quoted by Bonders (Accommodation and Refraction of the Eye : New Sydenham 
Soe. 1864) as having been observed in 1856, and, I am informed by Prof. Bonders, 
communicated to a scientific society, but not otherwiBe pubHshed by van Hasselt. 

' Accommodation and Refraction of the Eye : New Sydenham Society, p. 616. 
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the peripheral motor apparatus was unatTected when the respiratory move- 
ments had ceased, he appears tp have considered the question as decided ; 
whereas, a farther examination, especially by limitation of the poisoning, 
would have given unmistakeable evidence of the action of Physostigma on 
the terminations of the motor nerves. 

In the investigation, of which the conclusions will now be given', an 
extract, prepared by acting on the finely pulverized kernel with boiling 
alcohol (85 p. a), has been used. This preparation contains a considerable 
proportion of fatty matter, which prevents its perfect solution in water ; 
and, as the division into separate doses of a mere watery suspension would 
lead to many inaccuracies, it was found necessary to weigh the requisite 
quantity separately for each experiment This extract is hygroscopic, 
which further required that it should be dried and kept in an exsiccator. 
The majority of the experiments were made with the common frog 
(Bana teniporaria), birds, and various mammals. It was found that 
fatal restdts were produced with the smallest quantity on birds, And that 
the largest doses, in pro]>ortion to weight, were required by amphibia^ 
A dose of one-sixteenth of a grain proved rapidly fatal to a pigeon, 
whereas three grains have been recovered from by a frog — a quantity 
sufficient to produce death in a dog of average size. 

The following are the conclusions of my investigation. 

A. Action Hvrough the Blood, 

1. Physostigma proved fatal to every animal hitherto examined, with 
the exception of the EsSrS moth*. Death is most rapidly caused, in birds 
and mammals, by the injection of the poison into the circulation^ or when 
it is brought in contact with a wounded sur£su;e. It follows, nearly as 
quickly, when Calabar Bean is introduce into a serous cavity, and, 
much less rapidly, when introduced by the mucous membrane of the 
digestive system. In rabbits, death has been caused by its application to 
the Schneiderian, auditory, and conjunctival mucous membranes. The 
skin of frogs resists its efifects for a long time; but, if applied for a suffi- 
cient period and with proper precautions, distinct evidence of its absorption 
may be obtained, though death has never been caused by such application. 

2. The contact of the extract of Calabar Bean with the gastric juice 
of a dog for twenty-four hours, at a temperature a little above 95^ F., 
did not, in the slightest degree, modify its energy. 

3. A large dose, given to a mammal or bird, rapidly affects the cardiac 
contractions, and then paralyses the heart. The respiratory movements are 
quickly stopped, but the symptoms and post-mortem appearances are those 
of syncope. Such a dose, injected into the abdominal cavity of a frog, 
affects nearly simultaneously the heart and spinal cord ', and very rapidly 
destroys the vitality of both organs. With such a dose the motor nerves 
are unaffected, and retain their conductivity for at least thirty hours. 
Evidence of the vitality of the afferent nerves may be obtained so long as 
the retained vitality of the spinal cord permits of its diastaltic function 
being examined. 

4« An average dose produces symptoms of asphyxia in mammals and 
birds. When administered to frogs^ a similar dose impairs the function of 
the spinal cord, and diminishes the rate of the cardiac contractions and of 
the respiratory movements, and, soon after, the latter cease. In periods, 

1 The investigation, from which these results are derived, has been laid before the 
Boyal Society of Edinburgh, and an abstract is published in the Society's ProeeedMifft 
lor 1867. 

' The Armals and Magazine of Natural History. Vol. ziu. 1864. p. 389. 

> The effects on the spinal cord were determmed by frequent measurements of the 
reflex {u^^ty by means of a metronome* 
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Taryisg' from one and a half to fonr hours afterwards, the motor neires 
are paralysed ; this paralysis first implicating the endorgans of these nerves, 
and afterwards the nerve-trunks. From this it must not be inferred that 
the nerve is paralysed by a centripetal progression of the poison, the only 
&ct which was demonstrated being that a direct ratio existed between 
subdivision of nerve substance and facility of contact of poison, on the one 
hand, and, on the other, rapidity of paralysing effect. Indeed, division of 
the nerve-trank, previous to the administration of Calabar Bean, delayed 
the paralysis of its endorgans. The afferent nerves retain their activity 
so long, at least, as the functions of the spinal cord are not lost, and this 
generally happens about the same time as the motor paralysis. 

5. When a small, but still fatal, dose of Calabar Bean is administered 
to a frog, the effects are the same as those in the previous conclusion, until 
they arrive at the stage of paralysis of the motor nerves, and, after this, 
an interval of several hours may elapse before the functions of the spinal 
cord are completely suspended. During this interval the tactile sensibility 
of the afferent nerves ia increased; so that, if the ischiadic artery and vein 
of one limb were tied before the exhibition of the poison, an ordinary 
excitant, such as sulphuiic acid, will show eveiywhere a marked diminution 
in the diastaltic activity, as measured by the metronome; while a slight 
touch of the skin in the poisoned region, which befoi*e the administration 
of the poison caused no effect, will now produce £unt twitches of the limb 
whose vessels are tied. 

6. A frog may ha/ve its oa/rdiae contractioTU reduced from seventy to 
eight per minute^ its respiratory movements completely stopped^ and the 
endorgans of its motor nerves poftcdysedy by a stUl smaller dose, and after^ 
wards completely recover. This has occurred when two grains were injected 
into the abdominal cavity of a frog, weighing seven hundred and thirty 
graina 

7. In frogs the voluntary muscles are unaffected by the poison, and 
may continue to respond to galvanic stimulation during three or four days 
after its administration. The contrast and independence in the effects of 
Calabar Bean on the motor nerves and on the muscles may be well shewn 
by ligaturing the ischiadic vessels of one limb before injecting the poison. 
If, when strong stimulation causes no reflex movement, the two gastrocne- 
mii muscles with their attached nerves are so placed that an interrupted 
current^ from one Daniell's cell and Du Bois Keymond's induction appa- 
ratus, may be transmitted simtiltaneously, either through both muscles or 
both nerve-tranks, it will be found, in the case of the muscles, that when 
the secondary coil is slowly advanced contractions will occur with the 
same current in both muscles, or with a weaker current in the case of the 
poisoned than of the non-poisoned muscle, this varying with the length of 
time which has elapsed since the limb was deprived of blood ; when the 
current is transmitted through both nerves, contractions will be simulta- 
neously produced, or with a weaker current in the non-poisoned, or con- 
tractions will occur in the non-poisoned muscles only, this also varying with 
the length of time which may have elapsed since the exhibition of the 
poison. 

8. In mammals and in birds the voluntary muscles are affected in 
a very remarkable manner. At an early stage of the poisoning, faint 
twitches occur, which gradually extend over the body, and, at the same 
time, increase in vigour so as to interfere with the respiratory movements. 
Shortly before death they again become mere successive twitches, often 
requiring the hand to be placed over the part to discover their existence. 
After death, if a muscular surface be exposed, these twitches will still be 
observed, rarely involving the whole of one muscle, but at different times 
different muscular £eu9ciculi; and in mammals they may persist for more 
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than thirty minutes after death. Thejr are cauaed hj a direct effect of 
Physostigma on the muscular substance. This is shewn by their oontinning 
after paralysis of the motor nerves, by their persisting in a muade cut out 
of the body, and by their non-occurrence in parts vhich have been Bepa^r 
rated by ligature fix>m the circulation. 

9. The heait's action is rapidly made slower and then stopped^ in 
birds and mammals, by a lai^ge dose. In dogs it may diminish to one-half 
in three minutes, and cease in ten. A large dose injected into the abdo- 
minal cavity of a frog causes rapid and complete cardiac paralyBi& A 
smaller dose causes either a gradual cessation and then a renewal at 
a diminished rate, or a gradual fall from sixty or seventy to four or six 
beats per minute, followed by a gradual return to a diminished rate of 
eight or tweoty per minute. At this stage, and for many hours after- 
i^irds, the only signs of vitality are this diminished cardiac action and 
the power of the voluntary muscles to respond to galvanic and other 
stimulation. In the frog, where alone these last phenomena have been 
observed, the heart may continue so to contract for three, and for even 
five, days, provided the temperature of the apartment be as low as 50^ F. 
After stoppage, galvanism may cause a renewal of its rhythmical contrac- 
tions; but this can rarely be done, and unrhythmical and partial contrae> 
tions can only be excited. The heart ceases to contract in diastole, with 
fdl its chambers fulL 

10. The pneumogastric nerves retain their inhibitory power over the 
heart during the whole time from the diminution to the partial recovery 
of its action. Soon after thia, however, they are paralysed; and this oc- 
curs at nearly the same time as the affection of the motor nerves. 

11. Division of the pneumogastric nerves, or their previous paralysis 
by curare^ or destruction of the medulla oblongata or spinalis, does no$ 
protect the heart from the action of Physostigma. 

12. The lymphatic hearts of frogs poisoned by Oalabar Bean soon 
cease to contract. 

13. A large dose paralyses the cervical sympathetic nerves, in rabbits, 
before the death of the animal A smaller fiiital dose diminishes, without 
destroying, their activity. 

14. Before the stoppage of the heart, proo& may be obtained of the 
vitality of its sympathetic giauglia; but, as striped muscle is not affected 
by Calabar Bean conveyed by the blood, we are obliged to infer, frx>m the 
symptoms respectively produced, that tiie activity of the cardiac sympa- 
thetic system may be destroyed by a large dose, and lessened by a smaller 
one. 

15. The animal temperature, both external and internal, has been in- 
variably observed to lise in rabbits and dogs, but only slightly. 

16. The condition of the capillary circulation was examined in the 
web of the frog. Soon after the exhibition of the poison the smaller ar- 
teries and veins contracted slightly; after a short interval, this contraction 
was succeeded by a rapid and permanent dilatation, in which the calibre 
of the vessels was considerably above their maximum previous to the 
poisoning. This capillary dilatation appears to occur over all the body, aa 
.is shewn by a peculiar blue coloration of the voluntaiy muscles and of the 
heart, a similiu: coloration of the serous and fibro-serous tissues, and a 
congestion of the blood-vessels in the conjunctiva and iris. This change 
also occurs, in a less marked manner, in birds and mammals. 

17. The general results of experiments in which the arterial and 
venous tensions were examined were, that almost immediately after the 
administration of Calabar Bean the arterial tension rose slightly, attained 
its maximum when the number of cardiac contractions had diminished to 
at least one hali^ and, then, rapidly fell; and that the venous tension rose 
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less quickly, attained its maximum when the arterial tension had con'- 
siderably diminished, and« in its tarn, fell, though more gradually than 
that of the arterial system. The number of the cardiac contractions, when 
the Yenous tension had attained its maximum, was about one-third of the 
avenige before the poisoning; the respirations were rather less frequent 
than before ; and the temperature had risen a few tenths of a degree. 

18. Physostigma causes extreme difl^sion in the pigment cells of the 
frog's skin, and, so, a very marked change occurs in the colour of the animal 
during the progress of the symptoms. 

19. In dogs, the peristedtic action of the intestines is usually destroyed 
at death; it may, however, continue a short time afterwards. In rabbits, 
the intestinal movements are frequently increased in activity before death, 
and they generally continue for a considerable time afterwards. 

20. The pupil contracts in all cases of rapid poisoning in mammalia 
and in birds. The contraction may, however, be slight and of short dura- 
tion, and dilatation may then be observed during the greater portion of the 
experiment, especially if the dose be a small ona The same effect is pro- 
duced in frogs. 

21. Calabar Bean acts as an excitant' of the secretory system, in- 
creasing the action of the alimentary mucous, of the lachrymal, and of the 
salivary glands. 

22. The symptoms of poisoning are not materially altered, in the frog, 
by removal of the brain, or by /division of the cervical portion of the spinal 
cord. 

23. Artificial respiration does not prevent death, in mammals, after 
the exhibition of a poisonous dose. This is a necessary result of the effects 
of Physostigma on both the cerebro-spinal and sympathetic systems. 

24. Congestion of internal organs occasionally occurs, but this is by no 
means an iuvariable consequence of a fatal dose. 

25. The blood is dark after death, but becomes arterialized on ex- 
posure to the air; its respiratoiy functions are unaltered; it often clots 
loosely and imperfectly; and, when examined with the spectroscope, the 
bands of scarlet crurine are found unchanged. A microscopic examination 
demonstrates, in the rabbit and dog, an invariable change in the coloured 
corpuscles which haVe their outlines distinctly crenated. This change is 
not observed io the blood of birds or of amphibia. The white corpuscles 
remain unaltered. 

B. Topical Effects. 

1. When applied to the surface of a frog's brain no effect is produced; 
but when the poison is brought in contact with the spinal cord, a few 
twitches occur in the extremities, followed by paralysis of the portion of 
cord acted upon. 

2. When physostigma is applied to a mixed nerve-trunk, in a concen- 
trated form and with proper precautions to prevent absorption, the afferent 
nerve-fibres are first paralysed, and, afterwards, the efferent. 

3. Topical application destroys the contractility of striped and of un- 
striped muscular fibra The heart's action is stopped by repeated applica- 
tion to its external sur&ce or to the pericardium. If a small quantity be 
injected into one of its chambers, paridysis nearly immediately follows 

4. The effects of the application of Calabar Bean to the eye-ball are a 
somewhat painful sensation of tension in the ciliary region, contraction of 
the pupil, myopia and astigmatism, congestion of the conjunctival vessels, 
pain in the supra-orbital region, and twitches of the orbicularis palpebrarum 
muscla 

Many of these physiological restdts indicate therapeutical properties of 
great value, and several of these have been already pointed out in my first 
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paper on this subject ^ The unmistakeable snooeas which has followed the- 
reoommeudation that was there made to employ Fhysostigma in the treat- 
ment of tetanuH, fii'st, under M. Girald^ of Paris, and, very recently, in 
the hands of Dr E. Watson, of Glasgow', encourages me to hope that this 
substance will prove even more valuable to the physician than to the 
ophthalmic surgeon* 



OBSERVATIONS ON BRITISH ZOOPHYTES AND PROTOZOA. 

By T. Stbetqill Wright, M.D., Ac 

{Plate» XIV. and XV.). 

1. On Stomobrachium octocosUUum (Forbes). 

Stomobrachium octocostatum (Forbes) is occasionally found in the Firth 
of Forth, in the neighbourhood of Queensferry, and Granton. All the 
specimens of this animal which I have taken have been females, and as 
Stomobrachium is one of those medussB which feed and thrive well in 
captivity, I have repeatedly endeavoured to obtain young zoophytes 
from it in the hydroid stage of their existence, but hitherto without 
success, 83 the development of the ova in the ovarian bands invariably 
became arrested soon after the animals were removed from the sea. I 
have little doubt, however, that the hydroid phase of Stomobrachium will 
eventually be obtained, and that it will be a Tubularian polyp, allied to 
Atrachylis or Clavula, inasmuch as its medusoid form is destitute of 
otolithic sacs, organs which have hitherto been found always alisent in 
't}& inedusoids of Tubularian zoophytes. Several years ago I accidentally 
noticed such a hydroid, as a single, minute, yellowish polyp, resembling 
Clavula, and having three rows of iilitbrm tentacles, attached to a stone 
in a large tank, in which a specimen of Stomobrachium was confined with 
some other zoophytes, but I was not able to establish any connection 
between the polyp and the medusa, as the planaloid larvae of the latter 
were not ripe for extrusion, and never became so, alt|iuugh the medusoid 
lived for several weeks. 

On examining a specimen of Stomobiuchium last summer, which had 
been recently fed on the whiter parts of an oyster, I noticed a ret i form 
system of fine canals, Fig. 1 a, a, o^ permeating the muscular web of the 
sub- umbrella and altogether distinct from the eight large lateral canals 
which carried the ovarian bands. This new canal system consisted of from 
three to five fine tubes, which sprung from the upper margin of the peduncle, 
between ,each of the lateral canals, and passed outwards and downwards 
as a rarely anastomosing network, to join the circular canal bordering the 
mouth of the umbrella. No branches from it communicated with the 
lateral canals, nor could they do so as the latter wero bordered on each 
side by the long ovarian bands. 

Throughout the whole supplementary system the presence of ciliaiy 
action was indicated by the vibratory and onward movement of the milky 
fluid contained therein, and it is evident that the function of this system 
is to supply nutrient material to the powerful muscular tissue of this 
rapidly swimming medusa. 

As far as I know, no similar canals have been detected in any of the 
Gymnopthalmatous medusa. In Wilbia the peripheral extremity of the 
lateral canals is branchekl, but this must not be confounded with the 
separate system I have described above. 

^ Op. ciL Beot. iv« * Lancety March 9, 1867. 
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2. Note on the mode ofchservirig the reproduction of Zoophytes, 

In obfierring the reproduction of a naked-eyed medusse, the gi'eatest care 
must be taken that the sea-water used in the experiment is perfectly free 
from the presence of the planuloid iarvse of other forms, which are fre- 
quently contained in water recently brought from the sea. The water 
must be slowly passed through filtering paper into a glass vessel capable of 
containing not less than three or four gallons, in which are placed a few 
fronds of Chondral criepits or UrUeromorpha, A few of the medusa only 
should be placed in the vessel, amongst which it is advisable, but not 
necessary, tnat one should be a male with white and opake, not transpa- 
rent, spermatic sacs. The animals should be frequently fed with minute 
pieces of mussel or oyster. 

As soon as the planulce appear they should be removed with a dipping- 
tube into a round glass shade inverted and filled with sea-water from the 
larger vessel, to which a few drops of mussel-juice must be added daily 
until it appears crowded with minute protozoa to serve as food for the 
future hydroids. The internal surface of the shade, and the surface of the 
water, should be examined often from without with an inch lens, and as 
soon as each planula adheres to the inside of the glass, a thin disc of 
microscopic glass should be attached externally over its site with an 
interposed drop of glycerine, to ensure a flat surface, and the micix>scope, 
placed on a proper support, should be brought up to it armed with a power 
of about eighty diameters. The light, the quantity of which must be 
regulated by a diaphragm of blackened card or metal, should be reflected 
from a plane mii-ror, and carefully adjusted so as to pass through the 
water directly in the axis of the tube of the microscope. Bj this means 
the whole development of the planula into the hydroid zoophyte, with the 
successive development of the polypary, and the budding of the polyps, may 
be seen iu a veiy beautiful manner. These processes are carried out in 
periods varying greatly with the genera and species of zoophytes from 
which the planulse are deiived. Thus in Sertularia pumila and Campanu- 
laria dichotoma the first young polyp is complete in its polypary in a few 
hours after the planula is discharged ; while in .^Equorea and Hydractinia 
our patience is tried for several weeks ere the same event occurs. 

When the reproductive process has to be examined in very lai^e 
medusa, whether of the Gymnophthalmatous or Steganophthalmatous type, 
such as .^Equorea Chrysaora, Oyanea and Aurelia, the planulse may be re- 
moved fr'om the ovaries or the marsupial sacs of the MedussB as they lie 
expobed on the shore, and rarely fail to become developed into polyps or 
EphyrsB. The Ephyrse of the Steganopthalmata remain in the polyp phase of 
their development for many yeai*s, if well fed and kept in a darkened place, 
and multiply rapidly by gemmation. They may, however, be forced to 
assume their medusoid state, by exposing them without food in a small 
quantity of sea-water, to direct sunlight. 

3. On AcanthobrcKshia inconspvcua (nov. gen. spec), T. S. W. (Fig. 2.) 

Umbrella henuspherical, laterally compressed. Peduncle four-lipped, short. 
Lateral canals, four. Tentacles eight; six long, springing from the 
sides of the margin of the compressed umbrella; two abortive, placed 
at each end of the umbrella. Otolithic sacs eight, t^o accompanying 
each of the tentacular bulbs, which do not coiTespond to the lateral 
canals. Extremities of tentacles furnished with large prehensile 
palpocilsL 

This zoophyte, which, inasmuch as it is furnished with otolithic sacs, 
is, doubtless, the reproductive phase of a Campanularian zoophyte, was 
found in Granton Harbour in the summer of 1862. It is remarkable for 
the lateral compression of its umbrella, the circrdar marginal canal of 
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which presents an oval contour, and for the bilateral structure which the 
animal otherwise presents. The tentacles placed at each end of the oval 
are very short, and attached by one side along the border of the canal, nearly 
as far as one of the neighbouring otoliths, as in Plate xiv, figs. 2 and 3a. 
The long lateral tentacles, which are capable of being extended to twelve 
times the depth of the umbrella, are distinguished by the long soft spinous 
palpocils (fig. 4) which spring from their sides, and which are capable of 
being protruded from the ectosarc (ectoderm Allman), and of adhering with 
singular tenacity to any object or smooth surface with which they come in 
contact, over which they spread themselves out in an irregular discoid 
state, so that the animal can hang by its tentacles to the sides of the vessel 
in which it is confined. I have noticed the exist< nee of simDar exag- 
gerated on the tentacles of a Gy mnopthalmatous medusa in my paper on 
Goodsirea mirabilis. In both Goodsirea and Acanthobrachia they are 
entirely independent of the existence of thread-cells, which bodies are absent 
on those parts of the tentacles from which the palpocils spring. 

The paljxxsU has been erroneously considered as part of the thread - 
cell, with which it Is frequently associated bdth in zoophytes and annelids. 
In my paper on Hydractinia I have described the palpocil as a protrusion 
of the homogeneous and granular ectoderm, and homologous with the pre- 
hensile processes of Actinophrys; and in different orders and genera of 
zoophytes the shape of the palpocil resembles the same processes in various 
animcds allied to Actinophrys. Thus, on the bodies of the polyp of Coryne 
and on the lower whorl of tentacles in the polyps of Stanridea producta, they 
resemble exactly the minute palpocil of Zooteireas which are found growing 
on the homy polypidoms of the latter. In Hydra and the strange pyra- 
midal planulsB of Hydractinia, which creep along erect on their basis, they 
approach to those of Actinophrys. In Acanthobrachia they resemble the 
spreading, lobular, but still unbranched processes of some of the Khissopods, 
such as Difflugia; while in Cydippe the palpocil assumes a perfect pseu- 
dopodal type, being capable of complete retraction and rhizopodal extension. 

In noticing similarities of structure between the protozoa and animals 
of higher type, it will be proper to mention the planula of Coryne glandn- 
losa (Dalzell), which Mr Gosse and myself afterwards have observed to have 
a true amteboid type. It has neither cilia nor palpocils, but moves along 
the vessel in which it is contained by throwing out obtuse lobes, or rather 
enlargements of the advancing portion. 

4. AtractylU hitentaculata (nov. sp.) T. S. W, 

Folypary creeping, retiform. Polyps club-shaped, nearly sessile* non-retrac- 
tile, minute, each furnished with two erect tentacles. 

Found in a Pecten shell dredged from the Firth of Forth, near Inch- 
keith. The polyps of this zoophjrte are very minute, and thickly clustered 
on a retiform polypary. They have the habit, like that of Lar (Goese), of 
quickly and repeatedly bending down the body until the mouth is brought 
close to the su^u;e on which the zoophyte grows. 

5, Apractylxs qiuidri-tentactulcUa (nov. sp.) T. S. W. (Fig. 5.) 

Polypary creeping. Polyps sessile, columnar, non-retraotile, short Ten- 
tacles, alternate, four; two long and depressed, two very short, and 
nearly at right angles to the body of the polyp. 

This zoophyte was found creeping along the side of a large vessel of 
sea-water containing shells and zoophytes, dredged from the Fii*th of Forth. 
The two long tentacles were depressed, so as to touch the glass to which 
the zoophyte adhered. The shorter tentacles were occasionally absent 
The bodies of the polyps were enveloped in a ball of extraneous matter, 
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adh'enng to a glutinous ooat (colletoderm\ with which they and the horny 
polypary (sclei^oderm) were covered, and which could <»ily be removed by 
directing a strong stream of water against it 

6. Corym ferox (nov. sp.) T. S. W. (Fig. 6.) 

Polypary creeping. Polyp-atalks single, smooth. Tentacles, thick, short, 
having the capitate cluster of thread-cells scarcely larger than the 
width of the timtacle. Medusoids, developed from the body of the 
pdyp beneath the tentacles, and similar to those of G, decipiens. 

This Ooryne resembles C. decipiens (Diijardin) in the shape and mode 
of development of the medusoid, but it differs from that zoophyte iu its 
more robust and clumsy habit The tentacles of C. decipiens are long, 
tapering, and capped with large bulbs of thread-cells. Those of C. ferox 
are short, nearly of equal thickness throughout, and though they are 
surmounted by a cluster of thread-cells, the thread-cells are so few in 
number that the tentacles can scarcely be termed capitate. A delicate 
epidermis of coUetoderm passes over the whole body and tentacles of the 
polyp, which cause them to assume a dirty appearance, as it often serve.^ to 
support a downy growth of very minute algae. C. decipiens is the hardiest 
of all the hydroidse : I have often known a colony of it to live for several 
yeara in captivity, whereas G. ferox seldom survives more than a few 
da3rs after having been removed from the sea. It inhabits, generally, 
crannies in large ^ells tenanted by hermit-crabs, and rarely, the hollows of 
stones found in pools at extreme low- water mark. 

7. On Boderia Tumeri (nov. gen. et sp. T. S. W.) and its reproductioTh, , 

In July 1863 a number of shells and zoophytes were brought in by 
my son, Mr Strethill Harry Wright, which he had dredged in the nejgh: 
bourhood of Inchkeith. They were placed in vessels of eea-water, and in a 
few days a number of Rhizopods appeared crawling up the sides of 
the glass, amongst which were specimens of that to which I have given 
the name of Boderia. The animal (PI. xv, fig. 1) consists of a simple mass 
of brown or orange sarcode, enclosed in a very delicate and colourless 
membranous envelope, from openings in which it protrudes long pseudo- 
podial branches, generally three or four in number, but sometimes more 
numerous, especially iu the larger specimena The animal's shape is vari- 
able, sometimes presenting the appearance of a conical mass, at other times 
that of an extended plate with many angles, from each of which protrudes 
a branch or buudle of pseudopodia. In the majority of individuals a single 
large transpai*ent nucleus ap|>ears, but in others three or four such bodies 
appear grouped together ; while in others, again, as many as nine or ten 
have been detected grouped in two clusters (fig. 2). In this case, how- 
ever, lam disposed to think that the individual was composed of two ani- 
mals in a state of conjugation, as it was always elongated and slightly 
contracted between the masses of nuclei. These animals, from their large 
size (from one-sixteenth to one-quarter of an inch in length), could be readily 
transferred to a large fiat cell under the microscope, when the excessively 
rapid movement of the sarcode afforded a veiy interesting and astonishing 
spectacle. Each of the great pseudopodia oonsisted of a number of streams, 
some rapidly coursing outwards, others passing inwards more slowly, and 
dragging home masses of diatoms, minute algae, and infusoria. Even in 
the most minute branches of the periphery a double movement in opposite 
directions was clearly visible under high amplification. In fact the whole 
organism reminded one of a great central railway station^ the meeting-point 
of numerous converging lines, to which an unceasing flow of traffic was 
ever tending. A rude touch, as with a needle-pointy to the animal itself, 

23—2 
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had the effect of arresting the outward movements, and of determining 
the whole currents rapidly to the centre* 

An explanation of the movements of the psendopodia is extremely diffi-* 
cult ; and, indeed, the same may be said of the nature of pseudopocQa and 
whole structure of the rhizopod itself We find it difficult to believe 
that a mere mass of slime, apparently homogeneous, can determine sach 
purpose-like and varied movements through the widespread and ever-vary- 
ing extension of its network, and can instantly correct or alter the course 
of these movements at will or from the effect of external stimulus. Accord- 
ingly, Keichart has dissented from the sarcode theory, first promulgated 
by Dujai'din and strongly insisted on by Schultz, and is of opinion that 
the pseudopodia consist of bundles of excessively fine filaments ; so fine 
that a perceptible thickening scarcely appears when several filaments come 
together, or when the magnifying power is raised from 450 to 700 dia* 
meters. He states "that when the animal first extends its pseudopodia 
the more simple radiate arrangement predominates; soon afterwards the 
apparent ramificatiohs commence, and become constantly more numerous. 
The branches, after issuing or becoming free, easily reach their neighbour^ 
ing filaments, apply themselves to these, and then appear like anastomoses. 
By multiplications of such apparent anastomoses these reticulated figures 
are produced, which are known under the name of the sarcode net. At 
the same time bridge-like unions and membrane-like structures between 
the filaments become visible." '' Favourable conditions for the multiplicity 
of forms, and fbr their ready and often imperceptible change, are also 
furnished by the number of filaments and their flexibility." Ajid he fur- 
ther states that " the appearance produced by these readily moveable parte 
in the protean system of filaments, as if a moveable substance assumed any 
form or spread and formed itself into any shape, is an iUusion which is set 
up especially by the circumstance that individual minute parts, which are 
leadily displaceable throughout, can never be distinguished at their point of 
contact. No doubt the theory of Eeichart is exceedingly ingenious and 
plausible, but it appears to me to be especially open to two objections. 
1st If the infinitely fine fibres of Beichart have such an amount of 
cohesion as to enable them to form bundles and membranes of apparently 
homogeneous structure, such an amount of cohesion would prevent iike rapid 
motion of the fibres on each other in opposite directions. 2ndly. We see 
the same filamentous arrangement of protoplasm in the interior of the 
vegetable and animal celL In the cell of Anacharis, for instance, when the 
circulation has been arrested, we frequently observe the protoplasm distri^ 
buted as a network of threads over the whole celL After a time of rest, 
movements commence in the- threads in no respect differing from those of 
the pseudopodia of rhizopods, and the protoplasm creeps to the borders 
of the cell where the cyclosis commences ; so in the large cells of the 
tentacles in Coryne the sarcode or protoplasm assumes a similar thread- 
like and reticulated arrangement^ and the reticulations are seen to un- 
dergo slow change of shape, though it is difficult to detect the actual mov- 
ing of the sarooda Each of these cells contains an imprisoned rhizopod* 
In a paper on the Equorial Pipefish, read to the Royal Fhycdcal Society, 
I showed that a true rhizopodia structure existed in the pigment corpurale 
of the fish, which consists of a moving nucleated mass of protoplasm, branch- 
ing and coalescing like the pseudopodia of the animal now under consi- 
deration. Now we cannot suppose that the protoplasm of Anacharis^ of 
Coryne^ or of the pigment corpuscle, is formed of fine cohering fibrea 

It is true that we are at a loss to understand the phenomena of the move- 
ment in sarcode ; indeed, we can scarcely form any conception of a power 
capable of producing such movements, or of its mode of action. But we 
are equally at fault with regard to the movements of muscular fibre, or 
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those of ciluL It ia probable that in all these oaseB the movetbenta are 
doe to modifications of the molecular attraction of the tissue, caused by 
a coFreaponding modification of the vital force, analogous to the modifi- 
cation in the oc^eeion and molecular foron effected in iuoi^fanic matter 
l;^ alterationa of electric polarity. Thus, if a large globule i^ mercury 
be rendered poeitiye by contact with the anode of a voltuc arrangement 
in a solution of hydrochloric acid, its coerced affinity for the solution 
will oTeroonte the attraction of cohesion between its own atoms, and it 
may be drawn out in threads, which will remain permanent while the 
mercnty ia in oonuection with the battery; the moment, howerer, the 
mercuiy is released from its forced state of polarity towards the solution, 
by removing the battery or touchiug the metal with the cathode^ all 
the threads of the metal are drawn in with convulgive violence, and it 
aanimee it« natural oobeeiTe or globular state, being repelled by the solu- 
tion which before attmcted it. By varying the solutions and employing 
large, nutssee of metal, I have been able to produce long-continued and 
life-like oiovemeota in mercury and other fluids, solely due to minute 
changes in cohesive attraction between the elements employed, which I 
have fully deecribed in a paper in the London Ed. and DiMin Phii. Mag, 
for Feb. 1860. Another very beautiful instanoe of movements produced 
by the modification of cohesive attraction is shewn in the produotion of 
electric cohesion figures, which I have lately discovered. A sheet of 
chemically clean plate-glass is laid upon a piece of black paper moistened 
with a aoline solution so aa to fbrm a black mhrOr; a single drop of 
sotphurio add ia placed in the centre of the mirror and the drcfi of acid 
and the paper are connected with the opposite poles of an induotioa coil ; 
M long as the machine ia inactive the drop remains globular and quiet, but 
the moment the electric current ia set in motion, the drop begms to pat 
forth ptaudopodia, as it were, and apreada iteelf over the glaas in a bMU- 
tifoU; branched figure reaembling the pigment ooipuaoles of Uie fish. 
Fluids of other ohemical coostitutioo give varying and charaoteristic den- 
dritic forms; the wood-cut shews the electric figure of oy&nide of p ' 
on a fresh-split surface of mica used instead of the plate-glaaa. 



In citing these instanoee, I do not mean to infer that eleotricitf ia 
engaged in the movements of the aaroode or other living tissuee, bat 
merely to ahew how movemente resembling them can be dosely imitated 
by prooessee connected with inorganic matters, the rationale MT which wa 
liAve DO difficulty in understanding. 

Septvduction of Soderia.—Tn a former paper read before the Boyal 
Physical Society, I communicated the discovery of large ova, with gsrmi- 
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nal vesicle and spore, in a rhizopod Truncatnlina and considered that, as 
it was impossible that bodies of so great a size could escape from the 
excessively minute foramina of the shell in th2it animal, it was probable 
that in these genera a " polymorphic development" took place similar to 
that described by Carter in Amceba verrucosa^ and such also as seems to 
occur in Gregarina, either with or without previous conjugation. In 
Bodena such a mode of development plainly occurs. In specimens under 
constant observation the large transparent nuclei or ova were seen to 
disappear, and some hours afterwards the sarcode of the animal burst 
through its envelope and spread itself in ragged masses, connected by thick 
processes (fig. 3), over the glass. In the course of a few hours later the 
sarcode became entirely dissipated, leaving a swarm of naviculoid bodies 
attached to the glass (Fig. 4)» from each of which, in a day or two, there 
issued a» minute nucleated amieboid mass (fig. 7). These little anuebas 
existed for weeks as a closely aggregated band (the produce of numerous 
parents) near the surfiice of the water, without assuming an envelope, or 
putting forth pseudopodia. The actual change from the amsba to the 
rhizopod form was not observed, but minute specimens of Boderia gra- 
dually made their appearance in considerable numbers at the lower part 
of the vesseL 

I am disppsed to think the change from the naked amieba to the encys* 
ted rhizopodic form in this animal constitutes a distinct stage in its deve- 
lopment. 

We have thus the life-histories of the Rhizopoda and Gr^;arinidtt 
brought in very dose analogy to each other : in Gregarina we have a con- 
jugating process, followed by an encysting of the animals ; or encysting may 
take place in a single Gregarina ; next globular vesicles appear in the cyst^ 
and these become- metamorphosed into " pseudo-naviculee." The cyst of the 
single or conjugated Gregarina bursts, and the pseudo-naviculse escaping^ 
presently give vent to amieboid bodies, which at length become developed 
into Gregarinse. 

The consideration yet remains — ^must the so-called nucleus be considered 
as an ovary or true ovum) I am disposed to view it as the latter on 
account of the existence of the single germinal vesicle and spot within it^ 
as observed in Truncatulina, and I consider the so-called polymorphic deve- 
lopment as comparable to the fissure stage in the ova of higher animals, 
but which, in the case of the unicellular Gregarina and Rhizopod, becomes 
a final stage of egg-<]evelopment ; and I would hint, that in the higher 
animals the fissured elements of the ovum i*emain together to form a mul- 
ticellular animal, while in these lower ones the same elements finally sepa- 
rate at a corresponding stage to form a swarm of unicellular animals. 

DESCRIPTION OF PLATE XIV. 

1. Section from umbrella of Stomdbrachiufn ocioeottatum, a, a, a, supple- 

mentarv canal i^stem. 

2. Acanthohrachia tnconspicua, 

3. Rudimentary tentacle of do. 

4. Tip of one of long tentacles shewing the long palpocils. 
6. Atractylis hitentacidatcL 

6. Atractylis quadritentaeulata. 

DESCRIPTION OP PLATE XV. 

1. Boderia Tumeri. 

2. Do. conjugated ( ?) with two dusters of ova. 

3. Do. bresking up and spreading its sarcode over the glass of the tank. 

4. Do. Sarcode dissipated and naviculoid bodies adherent to the ghus. 
6. Naviculoid body enlarged and containing amseba. 

6. Emptv envelope of naviculoid body. 

7. Amseba free aftd attached to glass. 



ON POISONING BY CARBONIC OXIDE GAS, AND BY CHARCOAL 
FUMES. By Arthur Gamoeb, M.D. F.R.S.E. FgC.S.. Auutant to th4 
Pro/enor of Medical JurUprudence in the UnvoersUy <^ Edinburgh, 

Although the fumes of chareoal have, prohably from the earliest times when 
this form of carbon was used as fuel, been acknowledged to possess specific and 
Tery remarkable toxic properties, it has only yery recently been shewn that car- 
bonic oxide plays an important part in their production ^ Our knowledge of tlie 
action of carbonic oxide and of charcoal fumes is of very recent date. It is true 
that, as far back as the commencement of the present century, Nysten investi- 
gHted the action of carbonic oxide gas upon animals, but this author finding that 
when small quantities of carbonic oxide were injected into the circulation no evil 
effects followed, and that death only occurred when the quantity of gas intro- 
duced was so larspe as to be capable of producing death in the same mechanical 
manner as air does under the same circumstances, was led to the exceedingly 
erroneous conclusion that carbonic oxide is destitute of active noxious properties. 
Nysten, moreover, stated that carbonic oxide caused the blood to assume a 
brownish tint, whereas it is a most characteristic property of this gas to render 
the blood intensely and permanently florid*. Leblanc', carrying further the 
investigation of the composition of the fumes of burning charcoal which had been 
commenced by Orfila^ proved that these contained small quantities of carbonic 
oxide gas, and that this is so poisonous that birds are rapidly killed when 
ptaeed in an atmosphere containing only one per cent With the exception of 
many cases being recorded from time to time which proved how poisonous are the 
fumes of charcoal, and how formidable are the svroptoms which insy follow the 
inhalation of carbonic oxide gas, no connected or correct knowledge of the 
mechanism of poisoning by carbonic oxide or by charcoal fumes was obtained 
until the publication of Prof. Claude Bernard's memoirs on this subject. In 
these memoirs the French experimenter shewed for the first time that blood 
which has been exposed to the action of carbonic oxide gas, as well as the 
blood of animals poisoned by it, presents in the veins, as well as in the arte- 
ries, an uniformly florid arterial colour, which however does not disappear and 
give place to a venous hue as is the case with normal arterial blood. Bernard also 
founa that the blood which had been exposed to carbonic oxide had lost, to a 
great extent, its property of absorbing oxygen from the air. Thus blood which, 
before being acted upon by carbonic oxide, absorbed 8'2 per cent of oxygen when 
placed in contact with air, was only capable of absorbing 1*06 per cent, after the 
action of carbonic oxide', a change which was attributed by Bernard to some 
influence of the poisonous gas on the blood corpuscles. " When," says Bernard, 
'* blood is placed in contact with a gas, as carbomc acid, oxygon, or even nitrogen, 
an interchange between these gases and those of the blo^ takes place ; it is, 
indeed, by such a process that the displacement of the gases of the blood may be 
effected. Carbonic oxide disturbs or prevents this interchange; under its influ- 
ence the corpuscles being physiologically altered lose the power of seizins the 
gases in the space surrounaing them, or of ceding the gases which they Uiem- 

1 In his remarkable work, De mortis Artificum Diatribay Bamazzini, then Professor 
of Medicine at Padoa, refers in very clear terms to the evil effects caused by the fumes 
of burning charcoal, and makes an observation which is extremely remarkable : '*Ad 
carbonum malignitatem emendendam lubet remedium proponere qnod in usu est apud 
omnes fere artifices, nbi per hyemem carbonibus aocensis in sols officinis uti necesse 
sit, frustum enim ferri inter oarbones reponunt, sio enim carbonum virulentiam corrigi 
existimant, forsan dici posset spiritus illos malignos carbonis in ferream substan- 
tiam vim suam exercere, 9ive ferrum ipeum eosdem dbgorbere, (Bamazzini, Opera 
omnia. Oenevaa, 1717, p. 664). Although it is very doubtful whether the pl^ 
mentioned bv Bamazzini would prove useful, it is not a little remarkable that carbonic 
oxide is perhaps chief amongst the noxious principles of charcoal fumes, and that the 
very recent researches of Graham have revealed the very startling fact that when iron is 
raised to a red heat it absorbs many times its volume of carbonic oxide, and that after 
cooling it actually retains 4*15 volumes of the gas. ** On the Absorption and Dialytic 
Separation of Gases, by Colloid Septa," by Thomas Graham, F.B.S., Fhil, Transactiom 
1866, p. 438. 

* Kysten, Recherches de physioloffie et de chimie pathologique. Paris, 1911» 
> Leblanc, Ann, D'Hyg, 1843, Vol. il 

* Orfihi, Toxic, G4nirale, Vol. ii. p. 474. 

* Bernard, Lemons tur Ub subtU tax, et M€dicamenteuseSt p. 173. 
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selyes contain." ^Ithongh a fpreai step had been made towards a correct know. 
ledge of the action of carbonic oxide, inasmuch as it had been determined that 
the specific action of carbonic oxide consisted in destroying the capability of the 
blood to absorb oxygeH, no correct idea was entertained by Bernard as to the 
mechanism by which this is effected. " Carbonic oxide/' says Glande Bernard, 
*' acts by preventing arterial blood becoming venous. It dees not preceni the 
arterializcttion of the Hood in its passage through the lung : it does not there- 
fore cause asphyxia, i. e. it does not, at Jirst (11 n'emp^he pas d'abord) prefoeni 
the absorption of oxygen." 

Shortly after Professor Claude Bernard had published his researches on car- 
bonic oxide, Lothar Meyer, working under the direction of Bunsen^ amongst his 
other well-known investigations on the gases of the blood, studied the -action of 
carbonic oxide, and whilst he confirmed the statement of tiie French physiol<M;ist 
as to the expulsion of oxygen by carbonic oxide, he was led to the conclusion Uiat 
for every volume of carbonic oxide absorbed by blood there is one volume of 
oxygen expelled, and was led to the induction which has since been shewn to be 
correct, viz. that the blood contains a substance which has the power of forming a 
definite chemical compound either with oxygen or with carbonic oxide» a molecule 
of the one gas being able to replace a molecule of the other^ 

After the researches of Bernard and Meyer little was added of interest to our 
knowledge of the mechanism of carbonic oxide poisoning until a new method of 
investigation was brought to bear upon the subject it is true that Dr Ho^pe 
had shewn^ that the blood of animals poisoned by carbonic oxide, besides being 
possessed of a remarkably florid colour when mixed with its own volume^ or 
twice its own volume, of strong caustic soda (of sp. gr. 1*3) and well shaken, gavn 
a coagulum of red colour, which when drawn over porcelain left streaks of a cio- 
nabar-red colour; whilst normal blood treated in the same way yields a black 
mucilaginous mass ; and that this observation was actually of service in investi- 
gations of a judicial nature' ; still such an observation, whilst it ^ve support to 
the hypothesis of Meyer that under the influence of carbonic oxide a new sub- 
stance was formed, threw very little light on the subject 

The discovery by Hoppe of the peculiar and beautifal absorption bands ob- 
served in the spectrum when light is passed through blood before being examined 
by a prism, and the still more remarkable discoveiy b;^ Professor Stokes of the 
fact that the blood-colouring matter is capable of existing in two conditions, in 
one of which it is more highlv oxidized than the other, that the less oxidised 
substance may readily be. produced by acting upon blood by suitable reducing 
solutions, that it is characterized by a single and very characteristic absorpti<m 
band, and that b^ mere agitation with air it again lM?comes converted into the 
more highly oxidized substance — these facts opened a new field for the investi- 

fation of such poisonous substances as appeared to exert a special action on the 
lood. If, as Professor Stokes supposea, cruorine (a term which is anonymous 
with hemoglobin, the name now universally used in Germany to designate 
blood-colouring matter) be really the agent by which oxyg^ is for a time fixed 
In the blood anerwards to be used in oxidation processes goin^ on in the system^ 
it would be conjectured that a condition of the blood in which, as in cubonie 
oxide poisoning, the most characteristic property of blood — that of fixing oxt- 
gen — had been almost completely destroyed, would be marked by a remukdble 
change in the properties of cruorine ; if the hypothesis of Professor Stokes were 
correct, it was more than likely that the colouring matter would be found inca- 
pable of reduction, or when reduced incapable of fresh oxidation. Sudi was tiie 
reasoning which led me at a time (early in 18G6) when I was quite ignorant of 
researches to which I shall immediately draw attention, to examine whether 
blood which has been treated with carbonic oxide gas, acts similarly to normal 
blood when treated with reducing solutions — an examination which led me, inde- 
pendently, to observe a fact which had been some time before noticed by Hoppe- 
Seyler and published by him ^, viz. that blood which has been treated wiUi carbolic 
oxide, besiaes acquiring a permanently florid character^ remains quite unaffected 
by such reducing agents as were shewn by Stokes readily to deoxidize blood- 
colouring matter, i. e. the two bands of scarlet cruorine remain unchanged^ and 
are not replaced by the wide absorption band of reduced or purple cruorine. 
The observation of this remarkable fiilct led me to continue my experiments, and 

1 Henle'fl Zeitschriftf. rat. Med, Bd. r7. 1868. S. 88. 

« Virchow's Arehiv. Bd. n. 8 Heft, 1857. S. 288. 

' Casper's Handbook of For, Med, New. Syd. Soc. Vol. ii. p. 181. 

* ZeitMhriftfilrAiua, Chemie, Vol. in. p. 43«. 
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wlifist I now intcDd to disciiM these, veiy qpedalljr with regBod to their bearing 
on the functioiie of blood-colonring matter, and in their implication to medical 
jarispmdenoe^ I shall mention wluit has been added to our knowledge of the 
particnlar points diseuased throoffh the laboois of the numeroos scientific men 
who have in Germany investigated this sabject 

When blood i$ placed in contact foith carbonic oside, a$ by causing a 
ftreom qf the gcu topaa through bloody or by caunng a living animal to inhale 
it for some timcy a portion ^ the oxygen qf the colouring matter is ejepelled 
and replaced by carbonic oxide; a definite compound is thus formed whose 
physical characters are identical, or nearly so, fcith those qf normal blood- 
colouring matter^ but which differs from the latter in being incapMe of 
yiMing a less oxygenized substance when treated with reducing agents. 

On allowing pure carbonic oxide gas, or carbonic oxide contaminated with 
cren laive quantities of carbonic acid to bubble through blood, the characteristic 
florid colour observed by Bernard is almost immediately produced, at the same 
time that oxygen is erolved. The reaction is best observed when the blood is 
brought in contact with carbonic oxide in a tube over mercury and then agitated. 
We are at once led to inquire whether this change of colour is due to Uie for- 
mation of the peculiar compound whose properties are to be described, and the 
answer appears to me to be decidedly in the negative, for I have always found 
that when blood Is considerably diluted and then treated with carbonic oxide it 
£uls to acquire the characteristic colour, and similarly that the florid colour of blood 
saturated with carbonic oxide is destroyed bv dilution. Moreover, when pure 
oystallized blood-colouring matter (hcmofflobin) u dissolved in water, and the 
solution is saturated with carbonic oxide, whilst the OO-compound is formed, the 
colour is only slightly heightened, and diflers m toto from the colour of carbonic 
oxide blood. These facts lead me to think that it is in great measure to an action 
on the ph^cal characters of the blood-cells that the peculiar colouration produced 
by carlM>nic oxide in blood is due. That carbonic oxide has a decided action on 
the constituents of the corpuscles, othor than their colouring matter, is rendered 
highly probable by the observation made by Bernard that the corpuscles of blood 
saturated with carbonic oxide retain their shape for a remarkable length of time. 

The completeness with which the blood has been acted upon by carbonic oxide 
may be judged of to a great extent, though not entirely, by the greater or less 
intensity of the florid colour, for although as soon as this colour is produced the 
blood is found to have changed in its deportment to reducing agents, yet the florid 
colour may be marked before the change has been completdy efiected. Whilst 
on microooopic examination the blood corpuscles are seen unchanged, oi) exa- 
mining the blood diluted with water by means of a spectroscope, no difference is 
at first to be perceived in the spectrum ; the beautifully defined dark hand imme- 
^tely below D is seen in all its distinctness, separated by a sreen interspace 
from the broader and less sharply defined absorption hand which extends to 
Fraaenhofer's line E, whilst the graater part of the more refrangible rays of the 
spectrum are cut off. On adding to the blood, suitably dilutM with water, a 
solution of sulphide of ammonium, or such solutions of protoealts of iron and tin, 
as were used by Professor Stokes, no change is observed to take place in the ap- 
pearance or position of the bands. ProfSssor Hoppe^Seyler, who first observed 
the non-reduction of CO-blood, used sulphide of ammonium. I, however, espe- 
cially for medico-legal purposes, prefer using a pretty strong ammoniacal solution 
oontainiuff protochloride of tin, and ad alkaline tartrate. On mixing the blood 
with Bucn a solution, and then heating it very gently, instead of the colour 
changing to a dark venous hue, as is the case with normal blood, it remains quite 
florid, and if the blood solution experimented upon be very stronff, it becomes, 
after the action of the tin has gone on for some time, turbid, and deposits a car- 
mine red amorphous precipitate, which is of itself quite characteristic of CO-blood. 
However long the process be carried on, the two beautiful absorption bands of 
scarlet cruorine remain perfectly distinct ; indeed, if the blood has been fullv acted 
upon, thev are absolutely unaltered. It ib almost needless to add that in the case 
or normal blood the two absorption bands of scarlet cruorine disappear when the 
tin solution has acted for a short time, and are replaced by the absorption band 
first described by Professor Stokes, which occupies yery nearly the position of the 
ffreen interspace between the two original dark lines. In the case, of normal 
blood this absorption band has edges which are leas defined than those of the 
original blood bands. MHien the saturation with carbonic oxide has been imper- 
fbct, the blood bands will, when treated with a reducing solution, be more or less 
affected, and may become very indistinct; the green space may become shaded 
over^ and on superficial examination it would appear that a spectrum of reduced 
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cmorine liad been obtained, whilst a more minnte examination wotiM shew i^tiat 
the centre of the absorption bands is less obscure than its margins, an appearance 
which is never seen in the spectmm of reduced cruorine from normal blood. This 
IS an observation which 1 have often made with an ordinary spectroscope and with 
Mr Sorby's micro-spectroscope. 

When blood saturated with carbonic oxide is placed, for a considerable time, in 
the vacuum of a good air-pump, and the exhaustion is pushed until the tension of 
the air in the receiver does not exceed three or four millimetres, no change is 
produced in the properties of the blood. After the exposure in vacuo the blood is 
still irreducible. 

When such blood is evaporated to dryness in the water-bath at a heat not 
exceeding 140° Fah., the dry residue when treated with water yields a solution of 
colouring matter which is as iiTeducible as the original blood. 

It is well known that blood-colouring matter can readily be obtained in a 
crystalline condition from the blood of the dog, cat, guinea-pig, &c. The blood of 
the dog is, with this object, to be allowed to coagulate and placed aside until the 
serum separates ; the clot is then squeezed and the expressed fluid is diluted with 
one and a half times its bulk of water, and set aside for some time. It is then 
treated with one-fourth of its volume of rectified spirit. Usually there is, in a few 
minutes, an abundant precipitation of crystals of blood-colouring matter, and after 
some hours, more especially if the temperature be low, the fluid has acquired a 
semi-solid consistence and has become a magma of crystals. Hoppe has shewn 
that by passing a stream of carbonic oxide gas through the mixture of blood and 
water, before adding the alcohol, crystals are precipitated which are identical in 
physical characters with those of normal blood, but which have the property which 
characterizes CO-blood of being unacted upon by reducing agents. 

When a solution of blood is mixed with a very large excess of a redactng 
solution, and carbonic oxide is then passed into the solution, at once the single 
band of reduced cruorine disappears and gives place to the two well marked 
absorption bands characteristic of scarlet cruorine and CO-cruorine. 

Several observen have made the attempt to determine the amount of oxygen 
which the ci^'stallized blood-colouiing matter is capable of absorbing, and an 
attempt has likewise been made to determine the amount of oxygen which 
carbonic oxide is capable of expelling from the blood-colouring matter. As yet, 
however, the results are not sufiiciently concordant to allow us to attach much 
weiffht to them. 

Whilst Hoppe^ found that 100 grammes of dry powdered crystals of h8^mo• 
fflobin absorbed 41 "1 cub. cent, of oxygen (at 0° Cent, and 760 M. M.), Prcyer* 
found that 100 grammes of hemoglobin absorbed ISO cubic centimetres of oxygen 
(at 0« Cent, and 1 metro B. P.). 

On the other hand Dybkowsky', who firet saturated solutions of hsmofflobin 
with oxygen and then brought them in contact with carbonic oxide, found that 
the amount of oxygen yielded by 1*49 grammes of the sulhitance dissolved in 
68*85 cub. centimetres of water, amounted to 1*76 cub. centimetres, so that* 100 
grammes of the substance would yield 118*12 cub. centimetres of oxygen. 

Such extremely discordant results prevent our attaching much importance to 
the statements with regard to the amount of oxygen in heemoglobin which is in a 
loosely combined condition. It is probable that further exneriments with pure 
blood-colouring matter will fully prove the truth of Meyer s hypothesis, and shew 
that the carbonic oxide compound difiers from nonual blood-colouring matter, in the 
replacement of a portion of the latter by an exactly equal yplunie of carbonic 
oxide ; but as yet this very remarkable quantitative relation has certainly not 
been established. 

When blood which has been treated with carbonic oxide is acted upon by 
acetic acid, it appears to undergo the same change as normal blood, and amongst 
the products of decomposition is found hsematine, whose presence is at once 
recognized by its peculiar and characteristic spectrum I thought it would be 
interesting to ascertain whetiier the carbonic oxide which had been absorbed 
by blood would on the addition of acids be given oflP unchanged, and for the 
determination of this point 1 made use of the arrangement recommended by 
Bunsen for the determination of the gases of water. The flask was in this case 
filled with a solution obtained by digesting dried CO-biood, for some time, in tepid 

1 See Lehrhuch der Pkys. Chmie, von Dr Eiihne, 2to Lief. p. 218. 1866. 
* Kiibne, op. cit, p. 218. 

3 Hoppe-Seyler, Med, Chem, Untenuchutig, i. 117 — 132. CentraJblaUf 30 June, 
1860. No. 29. 
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water; and besidea the solution, the flask contained small glass balbs partially filled 
with glacial acetic acid and sealed. The opemtion was conducted exactly as in 
the case of determining the gases in water ; after the whole of the air had been 
expelled from the tubes destined to receive the evolved gases, and a vacuum had 
been obtained, the communication between the blood flask and the tubes was 
opened, and the former, having been shaken so as to break the acid bulbs, a very 
gentle heat was applied. The gases collected in the vacuous tubes were found on 
transference to the mercurial trough to contain a considerable quantity of carbonic 
oxide ; for after absorbing the carlxmic acid by caustic potash, and the oxygen by a 
phoephorus ball, very considerable contraction occurred on the addition of a 
solution of subchloride of copper. In a similar manner I filled the flask with a 
solution of blood-colouring matter, and conducted the process as above, but without 
using acid, and I raised the temperature to about 180° Fah. Again in this way I 
obtained considerable quantities of carbonic oxide. 

Having now discussed the changes which take place in the blood under the 
influence of carbonic oxide, the questions suggest themselves ; 1st, As to whether 
these changes supply us with a means sufficiently accurate and delicate to warrant 
our employing it in medico-legal investigations; and 2ndly, Whether the same 
changes occur when charcoal nimes are the cause of death. In the case of poi- 
soning by pure carbonic oxide gas, I have, in a course of very many experiments 
on rabbits, dogs, frogs, and mice, found that invariably the remarkable colouration 
was induced in the blood, and not only was it observed in the blood, but likewise 
in specially vascular organs. The remarkable carmine-red Injection of the liver in 
earbonic oxide poisoning is indeed a most strikmg appearance, and is quite charac- 
teristic. The kidneys, too, are usually of an exceedingly florid colour, and the 
muscles have a beautiful pink colouration, which, if once seen, can never be for- 
gotten. It may incidentally be mentioned that if a portion of muscle be suspended 
in an atmosphere of carbonic oxide gas, it very readily acquires a most splendid 
colouration ; if placed in a jar which has been very perfectly exhausted and into 
which carbonic oxide ia sulisequently admitted, the occurrence of the decomposi- 
tion of muscle and the other animal tissues is, to a very great extent, postponed and 
modified. 

In all cases of carbonic oxide poisoning I have found the blood either wholly 
or partially irreducible ; even where it was only partially so, the reactions with 
reducing solutions were sufficiently characteristic to enable a certain opinion as to 
the cause of death being given. The more unsatisfactory cases were assuredly 
those in which death was induced almoet instantaneously, as by plunging rabbits 
into jars filled with pure carbonic oxide gas, for in these a few huri'ied gasps and a 
short attack of convulsions occurred, and in a few seconds death took place. In 
those cases, on the other hand, in which the animal was exposed to tlie action of 
the diluted gas, and where lif^ was protracted for some minutes, the most satis- 
factory results were obtained with the spectroscope. In the cases which I allude 
to as unsatisfactory, the carbonic oxide colour of the blood and tissues is well marked 
if th^ animal be examined shortly after death, but as the saturation has been imper- 
fect, the indications obtained by the spectroscope become exceedingly indistmct 
after 48 or 56 hours. 

A correct solution to the second part of the question, viz. As to whether in poisou' 
big by chttrcoai fumes the changes occur which are characteristic of carbonic oxide, and 
whether the spectroscope affords us in this case valuable aid, is of the highest import- 
ance in a medico-legal point of view. Assuredly the cases of poisoning by pore 
carbonic oxide will be extremely rare; whilst experience teaches us that cases 
where death has been caused by the fumes of charcoal, coke or coal, do from time 
to time occur, and the means of affirming with certainty that a sample of blood has 
unmistakeably been exposed to the action of one of the products of combustion, 
will often put a stop to a long, laborious, and useless investigation. 

Charcoal fumes vary so greatly in their chemical composition, according to the 
greater or less amount of air supplied to the burning fuel, that we should be led to 
suppose that considerable variation would be found in the symptoms and changes 
induced by them — a supposition which is fully borne out by facts in our posses- 
aion and by the experience of many observers. 

in my own experiments I have, whenever I have killed animals by the fumes 
of charcoal, always succeeded in producing the remarkable colouration of the 
tissues and blood ; that this is not invariably the case is abundantly proved by the 
very numerous cases of poisoning by charcoal fumes which are to be found 
recorded in our medical periodicals, as well as in our treatises on toxicology and 
medical jurisprudence, in many of which a dark colour of the blood has been 
noticed. In my experiments I placed the animals on which I experimented in a 
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small iron drying diamber which had a capacity of about 1600 cubic inches, an<| 
in the chamber a small chauffer containing burning charcoal was placed. The 
combustion of the charcoal, in consequence of the small supply of air, took place 
slowly and imperfectly, and this may have influenced to no small extent the resuUa. 
whicn 1 obtained. 

Whilst in all the cases in which I induced death by charcoal fumes, the peca* 
liar colouration of the blood was noticed, in some it disappeared after exposure 
to air for a short time. This disappearance shews that only a partial action on 
the colouring matter has taken place, that there is a considerable quantity of 
normal cruonne present, and that the destruction of the carbonic oxide compound, 
under the influence of oxidation processes, has gone on to a sufficient extent to. 
affect the characteristic colour of the blood. 

That, at any rate, in a large number of cases of poisoning by charcoal fumea 
the carbonic oxide which they contain does induce its action on the blood and thus 
aids to destroy life, is an undoubted fact. That, however, in others carbonic add 
is the agent which really kills, whilst in all it aids the occurrence of fatal symp- 
tomb, is proved by incontrovertible facts. Claude Bernard believed that whea 
carbonic acid is inhaled it causes death in a purely physical manner, by putting a 
stop to the gaseous interchanges which are constantly going on between the 
inspired air and the blood-gases. In order that this intercnange. should go on, as 
it normally does, it is necessary, according to the French physiologist, that theie 
should exist as marked a difierence as actually exists between the blood-gases and 
the atmosphere. 

In the following sentence is to be found a r^sum^ of fiemard's views on the 
mechanism of poisoning by carbonic acid : — 

" Lorsqu'il est dans le sang, I'acide carbonique n'emp^che pas ce liquids de se 
charger d oxygens, paiceque la respiration est un ^change et que, pour que oei 
Change se farae, il &ut que les gaz soient de nature diff^rente. Quand an liea 
d'arriver dans le poumon avec le sang Tacide carbonique est dans Tair, deux gas de 
memo nature on s'en rapprochant sent allors en presence,, et I'^chanffe est inoom- 

Slet, on memo peat n'avoir plus du tout lieu. Cest aloiis que I'acide carbonique 
u sang, ne pouvant plus en sortir par ^change, s'accumule dans ce iiquide. Qa 
pent expliquer d'une facon analogue comment bien que I'aaote soit insoluble^ le 
m^lanffe de I'azote et de rozyg^ne dans Tatmosphere empeche ce dernier gaz de se 
disBoudre en aussi grande proportion dans le sang on il-ya de Fasote^." 

That carbonic acid acts injuriously in the way pointed out by Bernard b 
exceedingly likely, althouffh its poisonous action must be also due to its power of 
displacing a portion of the oxysen from the blood-colouring matter. Whan a 
stream of caroonic add is passea through blood for many hours, the afaeorptioa 
bands of scarlet cruorine become fitinter and &inter, and ultimately the bloiod is 
found to be reduced and to furnish the spectrum of reduced or purple cruonne. This 
reducing action, which to be complete requires the passage of the gas through 
blood for many hours, probably occurs much more rapidly in the syrtem of ani- 
mals inhaling carbonic acid, and even if taking place partially wouldp of necessity^, 
be productive of most serious consequences. 

As the action of charcoal fumes must be due to the colouring matter bein^ 
under the influence of the carbonic oxide, dianged in oonstitutiouy and rendered 
unfit for respiratoiy changes, or to the colouring matter being deprived of oxygen 
by the carbonic acid, whUst the interchange of gases is arrested ny it, and as the 
two latter causes are quite sufficient to cause death, and may exist where the first 
does noL it is obvious that in some cases of poisoning by charcoal fumes, the blood 
will be rnund of a dark venous, and not of a florid, colour, and unchanged in its 
reaction with redudng solutions The mere fact of the blood being dark does, 
however, not prove that such blood is redudble I have often found that when 
blood which has only been partially saturated with carbonic oxide has after a 
lengthened exposure to the air lost its florid colour and become apparently venous, 
when treated with reducing solutions it is not completely reduced. Now an 
incomplete reduction is, for medico-legal purposes, as important as the complete 
abst'nce of reduction, and can with perfect safety be relied upon. Although we 
cannot positively affirm from the absence of certain changes in the blood, that 
death has not been due to charcoal fumes, in a large mfgority of cases such positive 
evidence will exist as will justify a veiy decided opinion being pronounced. There 
appears to be one other gas besides oxygen and carbonic oxide, which has the 
power of forming with the blood-colouring matter a compound charscteriBed by 
two dark bands undistinguishable from those of normal blood ; this gas is nitric 

> Op. eiL p. 207,, 
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oxide. Dr Hermann has found that when hlood which has heen Tendered ammo- 
niacal is treated for a long time with a stream of nitric oxide, it becomes irredn- 
cible, and he affirms that this compound, which crystallines liice normal blood- 
colonring matter, differs from it in its loose oxygen being replaced by an equal 
Tolume of nitric oxide. I have myself confirmed the observation of Hermann as 
to the formation of this substance under the influence of nitric oxide. That ita 
formation does not in any way interfere with the value of the non- reduction test as 
a means of distinguishing the blood of those who have perished from the effects of 
the fumes of charcoal, is obvious, for the foUowing reasons : — 

1st. Nitric oxide gas if inhaled would not give rise to the compound described 
hv Hermann. When coming in contact with pure blood, nitric oxide causes the 
blood to assume a dirty brownbh colour and produces a change in the spectrum, 
which is also observed when blood is treated with alkaline nitrites, with nitrite of 
amyl and ethyl, and with nascent nitrous acid« vLe. the two absorption hands of 
scarlet cruorine are rendered faint, and an additional band in the red, coincident 
with the httmatine band, is seen. That this is not dae to a partial conversion into 
hcmatine is however obvious, when the action of ammonia and of reducing solu- 
tions upon such blood is examined '. 

2ndiy. Even when blood is mixed with ammonia and nitric oxide gas is passed 
through it, the action tdces place slowly. 

I have myself examined the action of a laige number of substances on blood, 
andean, with the exception of nitric oxide, confirm the statement of Hoppe, that no 
substance but carbonic oxide can render the blood irreducible. 

Besides carbonic oxide there are two substances which have to a remarkable 
extent the property of causing the blood to become florid, and when rendered florid 
of retaining this colour for some time, viz. nitrous oxide and prusaio acid. Neither of 
these substances has, however, the power of rendering the blood irreducible ; on 
the contiary, it is stated by KCihne that when nitrous oxide is passed through blood 
it acts like carbonic add and hydrogen, and, expelling oxygen, actually reduces 
the colouring matter. 

The last question to be considered relates to the explanation of the absence 
of evU elBfects when a little carbonic oxide is introduced into the circulation-^ 
a fiict which had been noticed by Nysten, and which led him erroneously to the 
conclusion that carbonic oxide was destitute of active poisonous properties — and 
likewise to the explanation of the &ct, that the blood of animals which have been 
nearly killed by the inhalation of carbonic oxide gas readily re-acquires its normal 
properties and appearance, if respiration can be kept up for some time. That the 
carbonic oxide compound with colouring matter is, after a certain time, decom- 
posed w)Mti blood is merely exposed to air, is obvious from tlie fiict that blood which 
nas been very imperfectly treated with carbonic oxide gas does, after 36 or 48 
hours, become almost peifectly reducible, and that even when the blood has been 
perfectly saturated with the gas, it gradually becomes more or less reducible when 
Kept for many days. This change is one which assuredly takes place under the 
influence of atmospheric oxygen. I have on three separate occasions placed fteth 
defibrinated blood into flasks which have been exhausted until the tension of the air 
has not exceeded three millimetres ; carbonic oxide has then been admitted and 
the openings into the flask hermetically sealed. Having kept the samples of blood 
for many weeks, I have found on opening the flasks that, although the blood cor- 
puscles had become disintegrated, the optical properties of the blood-colouring 
matter remained quite unchanged — the blood was quite irreducible. On allowing 
the blood to remain exposed to the air for some days after opening the flasks, the 
colour gradu)ally became more and more venous, as putrefaction set in. This 
gradual change in the COcompound is almost certainly due to the oxidation and 
conversion into CO,— an oxidation which may be assumed to go on with infinitely 
greater rapidity in the living body. 

Pokrowsky' has, indeed, shewn that animals poisoned with carbonic oxide, 
exhale when recovering more carbonic acid than healthy animals. 

Under the influence of spongy platinum, and in presence of oxygen, carbonic oxide 
Is gradually converted into carbonic acid, and witnout entering into a discussion of 
the possible explanation, it may be argued that as the corpurcles resemble spongy 
platmum in their action on peroxide of hydrogen, so do they in their relation to 
carbonic oxide. When a comparatively small amount, then, of the poiBonous gas 
comes in contact with a large quantity of healthy blood, it may be assumed that 
this oxidation mH go on so rapidly as to prevent the occurrence of any poisonoua- 

> See a paper by the author in the Proc, Royal Soc, Ed, 1867/ 
* Yirchow's Archivest 1864, p. 525. 
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symptoms, dnd thus we shotild expledti Nysien's tesults. That under the infloence 
of atmospheric air, blood which nas been rendered iiTeducible by carbonic oxide* 
does again become normal quite independently of puti^e&ctive dianges, I hare 
ascertained by drawing air, by means of aspirators, thraugh solutions of blood 
which had been treated with carbonic oxide* The blood, under these circum- 
stances, leacquires its cliaracteristic properties, and becomes reducible. The solu- 
tions 1 have experimennted upon have varied in strength fmm 0'6 to 2 per 
and the amount used has varied from 50 to 100 cubic oentlme^ca. On 
67445 cubic centimetres of air through 10 cubic centimetres of CO^blood, it 
found that the blood-colouring matter had become reducible. 



ON THE TERMINATION .OP THE NERVES IN THE CON- 
JUNCTIVA. By W. Krause, M. D. Professor of Anatomy Gottingen. 

In the number of this journal for November, 1866, Dr Lightbody of 
Edinburgh has given a most excellent description of the nerves of the 
cornea. This author has moreover found in the conjunctiva of the sclerotic 
of man peculiar bodies (PL V. Figs. 2, 3, and 4), in connection with the 
nei-ves. He believes these bodies to be ganglionic nerve-cells. 

I am of opinion that these bodies indeed represent a certain species of 
nervous eiementa Yet they are not ganglionic nerve-cells, but nervous 
bodies, in which the ends of nervous fibres terminate. I described these 
bodies in the year 1858, under the name of "Endkolben" or dub-like 
bodies*. The club-like bodies represent indeed a peculiar form of termina- 
tion of sensorial nerves. I have seen them not only in the oonjunctiva, but 
also in yarious mucous membranes of the human body, viz. in those of the. 
lips, tongue, organs of generation, eta In all these paiia they have a 
rounded or oval form, a nucleated membrane of connective tissue, and a 
granular substance in the interior. One, two, or seldom three nervous 
fibres approach the club-like body, lose their s!ieaths of white medullary 
substance, and terminate within the club-like body as delicate fibres without 
medullary sheaths with little heads. 

All the mammalia, which I have examined, viz. the calf, rabbit, sheep, 
etc. etc. have the same club-like bodies not only in their mucous mem- 
branes, but also in the skin, as is the case with the mouse and rabbit — but 
with a remarkable difference. Only the ape has spheric club-like bodies, 
like man, all the other mammalia have club-like bodies of a more cylindri- 
cal form, and in these terminates only a single nervous fibre, not two or 
three. These cylindrical club-like bodies have indeed a very striking 
resemblance to the cylindrical axis (in which the nervous fibre ends) of 
a Pacinian, or, as the Germans call it, Vaterian body (Vater, who lived at 
Wittemberg, first described the so-called Pacinian bodies in the year 1761). 
Oidy the middle pieces of the latter are somewhat greater than the club- 
like bodies of the calf, &c. 

Concerning these facts of human and comparative anatomy, there can 
indeed be no doubt, that the club-like bodies cause the sensibility of all the 
parts where they are situated. 

In order to see the club-like bodies in the most convenient way, take a 
human eye-ball or the vagina of a rabbit, put it in a solution of three parts 
acetic acid in 100 parts water for several days, scrape off the epithelium, 
and examine a very fine section of the mucous membrane (of the conjunc- 
tiva near the margin of the cornea) with magnifying powers not above 300, 
because the club-like bodies are great bodies. 

^ Oorpascnla nervoram terminalia bnlboidea, corpnscnles terminaox daviformes. 
See W. Krause, Die terminalen Korperchen der einfaeh sensibeln Nerven, Hannover,- 
1860. Zeitschrift fibr rationeUe Medicin 1858. Journal de la Phynologie, par Brown- 
S6qiiard, 1862. T. v. Nov. xviii. P). X. See also KoUiker, Handlnich der OewebeUhre, 
1863, p. 11& 6th edit. 1867, p. 102. 



ON A SYSTEM OF PERIVASCULAR CANALS IN THE NERVE 
CENTRES, AND OJJ THEIR RELATIONSHIP TO THE LYMPHATIC 
SYSTEM. By Prof. W. His, of Basle. Traiislated, with abbroTiations, from 
Zeitachrifb fQr WiBsenachaftliche Zoologie, Bd. 15. by H. Cbarltoit Babtiut, 
MJl, M.D., FX.S. with notes. 

SpnrAL CoBD. When fine tranBYene. sections of a spinal cord hardened by 
alcohol or chromic acid, are submitted to a microscopical examination, they are 
always fonnd to be perforated by nnmerons fissures, having perfectly smooth 
boundaries, and enclosed by a notably condensed layer of tissue. Their course 
and distribution is definite, and remains always the same, whether the section 
be made from behind forwards, or from side to side. In the white substance 
they run for the most part in a radiate manner. In the grey substance they are 
more or less regularly arranged, in the form of short and angularly bent branches. 
They are closer in the grey than in the white matter, but closest at the passage of 
the posterior comua into the substantia gelatinosa. 

ft is thus evident that the fissures must owe their origin to certain definite 
structural peculiarities of the cord. The^ run in a precisely similar manner to 
the lymphatic fissures in the intestine and in the testicle ; and experiments many 
times repeated on human spinal cords have proved that the^r may oe iigected like 
them through a simple puncture. They then exhibit a considerable resemblance 
to a terminal lymphatic anastomosis. 

A close examination shows that the fissures are everywhere traversed by blood- 
vessels, sometimes attached to their walls, sometimes free on all sides. No artery or 
yein is seen, either in longitudinal or in transverse sections, which is not surrounded 
in a ring-like manner by a clear space separating it from the proper substance 
of the spinal cord. Around the larger vessels this peripheral space has already 
been observed by several investigators. The relative proportions of these perivas- 
cular spaces and of the vessels appear most beautifully when the blood-vessels of 
the spmal cord are first injected in the ordinary way, and then the perivascular 
spaces by means of a puncture. One can also fiU the perivascular spaces from 
the blood-vessels, when these are ruptured by tlie injection : the extravasation so 
pnxluced will spread widely through the perivascular canals, and form everywhere, 
in this waj, a cylindrical envelope around the vessels. 

Lastly, very instructive preparations may be obtained by the use of nitrate of 
silver, whether one injects the blood-vessels of tlie cord with a solution of silver, 
or simply forces the solution in through a puncture. If in the first case the force 
of the injection be sufficient, the fiuid makes its way out of the vessels into the 
surrounding spaces and tinges their walls ; likewise one obtains, in the second 
case, a tinging of the vessels as well as of the walls of the canals. 

All the preparations produced by these different methods permit of the same 
conclusion, that the perivascular canals are constant structures, which are neither 
produced lE>v extravasations, nor capable of being explained by a collapse of the 
Dlood- vessels. The calibre of the canal is always considerably wider than that of 
its contained blood-vessel, mostly exceeding it two, three, or even four times. No 
connection exists between the wall of the vessel and the wall of the perivascular 
canal. Though the vessels, and especially the arteries, possess a proper adven- 
titious connective tissue-coat, they lie perfectly free within their enclosing canal, 
and often may be seen to run in an undulating manner, where the boundaries of 
the outer tube are distended. From nitrate of silver preparations the walls of 
the perivascular canals appear to be formed of a striped fibrous basis substance, 
very similar to the walls of the fine splenic veins \ Owing to tlie relations of the 

^ Bobin, who first described this structure {Compt. Rend, de la Soe. de Biolog, Paris, 
1855, and Brown- S6quard*s Journal^ 1859), spoke of it as a delicate hyaline membrane ; 
and from numerous observations of my own I believe this to be its normal condi- 
tion, though very frequently it does undergo a fibroid change, in which state it would 
answer to the description given above. Professor His did not seem to l>e aware of 
the observations of Bobin, but after much careful examination I am able to state that 
all the perivascular spaces in the brain and spinal cord are occupied by perivascular 
hyaline sheaths such as .were described by Bobin, although the latter believed these 
to be far less extensive, and that they existed only around $ome of the small vessels 
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said spaces to the blood-yessels, the pecnliarities of their dispositiQii and distriba- 
tion are easily comprehended. The larger of them follow the arteries and Teina, 
which, at distinct points, penetrate from the pia mater into the white substance: 
witii the Tcssels they divide, communicate with one another, and form ai>dies 
within the grey matter. In the grey matter, which, as is knoivn, is much richer 
in yessels than the white, the perivascular-canal system also assumes abothe^ 
character : it becomes, much closer, and the anastomoses are twice as fine and 
much more abundant^ so that, in fact the grey substance contains a perfectly 
sponge-like network. 

Brain. Fine transverse sections of a hardened brain, having its yesaels 
iiyected or otherwise, show that all the blood-vessels, arteries, vems, and evcD 
capillaries, are surrounded by a clear space, broadest in the case of the larger 
vessels, but in all cases quite sharplv defined externally. In transverse sections 
the vessels are seen to be surrounded by a ring-like spacei and in parallel sections 
the space is seen on each side of the trunk of the vessel, and follows it in all its 
ramifications. Very frequently one finds further that in fine transverse sections 
the vessel has dropped out from its surrounding space, and these remain simply 
as round or oval loculi in the tissue. That the above described relations are not 
simply the results of the hardening is learned from the examination of the fresh 
brain. If a thin section is made from such a one^ for instance, just beneath the 
surface of the hemisphere, and examined with a low power, one sees here also 
with ease round and oval spaces which are partly quite emptv and partly 
undoubtedly occupied hj vessels. Even without the microscope, by tne nakcKl eye^ 
or at least with a lens, similar observations may be made. If a section be made of 
fresh brain and examined closely (more particularly when under water), one may 
see in many places torn ends of vessels stand out from the surface of the section, 
each of which projects from a small space in the tissue, which it partiy fills. 
Similar things are seen when the section is made parallel to the direction of the 
vessels, and most excellently in magnified sections of parts of the brain which con- 
tain somewhat lai*ger trunks, such as the cerebral ganglia, Thalamus opticus, and 
Corpus striatum. At the borders of both, directly under the Taenia semidr- 
cularis, there runs a vessel which is especially to be recommended on this aoooont. 

These various observations teach, that, as m the spinal cord so also in the brain, 
the blood-vessels are surrounded by perivascular canals, with the walls of which 
the adventitious coat of the vessel is in no wav connected. This explains also 
why one can generally so easily succeed in pulling out whole trees of yeaiels 
from the brain, by a simple pull with the forceps. 

The perivascular canals of the brain, like those of the spinal cord, are capable 
of being iiyected. When a senarate portion of brain, especially of the grey sab- 
stance where the vessels are largest^ is punctured with a shaniened canula, and 
fluid is injected, a tree-like network of ramified canals is fiUea in the immediate 
neighbourhood of the puncture. Under the microscone one discovers that theee 
canals everywhere surround the blood-vessels, and that the^ are quite sharply 
defined externally. This, together with their regularitjr of calibre, evidentiy 
shows that they are by no means the results of extravasations, but are due to the 
flUinff of pre-existing structures. 

The width of the perivascular canals of the brain increases with the sise of the 
blood-vessels themselves ; but here also they are, as a rule, from twice to four 
times^ as wide as these last ; the laroest injected canals measuring as much as 
16'", and the finer from 004'"— 006.'^ 

We come now to the relation qfthis apparatus qf canals' to the Lymphatic 
system. If an injection of the network we have been describing be placed side 
by side with injected networks which are undoubtedly lymphatic, it is seen fully 
to accord with these last in respect of the width of the canals, the manner in 
which they are connected, and the lack of an independent fibrous membraDe' 

which did not exceed ^mm. in diameter. The hyaline sheaths are in no way adherent 
to the surrounding nerve-tissue, and invariably accompany the vessels when these 
are palled out from the nerve substance. Prof. His having carried on his observations 
principally by means of injections speaks little of the sheatns themselves, but much ol 
the perivascular spaces which they enclose. — Tb. 

^ So far as I have seen, this great relative size of the perivascular sheath is met with 
only in the central ganglia of the brain, whilst in other parts the sheath is rarely more 
than twice the diameter of the vessel. In the widest tubes of the corpus striatum and 
optic thalamus I have generally found one large vessel and several smaller ones. — Tb. 

> As may be seen by our last note we do not eonsid^ this statement quite oor- 
reot.— Tb. 
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separable fram the surrounding tissue. It is no doubt diflScuIt^ even with the aid 
of nitrate of silver, to display epithelium within these canals, since the sOver pre- 
cipitates which form are taken up with the greatest rapidity and only separate 
themselves again to a slight extent. I have, however, been able to discover most 
unmistakeably the characteristic appearance of epithelium* in different prepara- 
tions of the spinal cord, though also, as yet, only in the laiver canals. It wiU only 
be fully settled as to the lymphatic nature of our not-work of tubes when we are 
able to demonstrate its connection with undoubted lymphatic vessels. 

Amongst the anatomists, who, in the earlier ten years of the present centuij, 
employed themselves in the injection of lymphatics, certainly none succeeded m 
filling lymph-spaces within the brain or spmai cord : on the other hand, Fohmann, 
as well as Arnold, have seen and figured undoubted lymphatic vessels in the pia 
mater (and arachnoid ?) ; and these are not in fact very difficult to display in miin. 
It is sufficient to make a puncture close to one of the larger blood-vessels of this 
membrane, and to inject with a gentle force in order to fill them over a wide 
area. The inji>cted material pushes forwards into the small canals, whiidi anasto- 
mose with one another in the richest manner, so that even tiiere is an appearance 
here and there, as though the injection spread like an unbroken sheet When an 
already injected pia mater is examined away from the brain, and submitted to a 
low power of the microscope, one convinces oneself that the injection has really 
moved in closed canals (from iV~i"' ^° diameter) •. 

But are the perivascular canals of the brain in communication with the lym- 
phatics of the pia mater ? When the cortical substance of the brain is injected 
throuj^h a juncture with a very weak continuous force, after some time the injec- 
tion Allowing the vascular trunks reaches upwards to the surface of the brain. 
Arrived under the pia mater it disperses itself auickl^ on all sides in small 
streams, which soon unite with one another. When tne iinection is quietly nudied 
still further, one reaches after some time a second tissue layer above the deepest, 
which completely covers the small points of brain surface that had remamed 
visible. The first spreading distribution of the injection lies between the pia 
mater and the surface of the brain ; the second, on the other hand, in the pia 
mater itself, and indeed within the before-described lymphatic canals of the same. 
When the pia mater is pulled away from the surface of the brain, the injection 
matter is found between the two ; and when this is washed from the surface of the 
brain only a few points remain behind, corresr.onding with the places of exit of 
the blood-vessels, whilst on the other hand tne pia mater after washing shews 
distended lymph- canaJs. 

It is thus so far certain that the lymph-canals of the pia mater can be filled 
Arom the perivascular canals of the brain. A wide system of lacunse, separating 
the brain from the pia mater, appears as an intermediate bond of connection. I 
confess that in the nrst place I was not inclined, on account of their width, to con- 
sider the spaces beneath the pia mater ([unbroken save by traversing blood- 
vessels) as pre-existing lymphatic spaces, since they rather seemed to me to be 
artificial in their origin. But the consideration that they immediately make their 
appearance, even in the most excessively careful injection, and the still more 
weighty fact that the lymphatic canals of the pia mater are filled from them, 
leaves me at last no doubt as to their nature. By a direct puncture underneath 
the pia mater one naturally fills the same spaces, and also, in this case, obtains a 
speedy passage of the ii]jection into the canals of the pia itself. Lastly, the 
extension also of this system of epicerebral lacunse does not militate against 
their being lymphatic spaces. When we consider how, amongst the Amphibia, the 
whole outer skin is separated from the underlying tissues by enormous lymph-sacs, 

^ My own obgervations aleo lead me to believe that these tubes have an imperfect 
epithelial lining. Bound or oval nuclei, precisely similar to those on the surface of the 
arachnoid, are to be seen distinctly on the inner siurface of these tubes, but in both 
situations the surrounding scale is alike difficult to recognize. These nuclei in many 
places are yery abundant, and lie in the perivascular space detached from its wall, as 
Bobin (loc, cit.) has well represented. Bobin speaks of the resemblance of the cells to 
lymph corpuscles, bat I thuik, from their identity in size and form, there cannot be 
a doubt that they are produced by a proliferation of the lining epithelial nuclei. — Tb. 

' From my own microscopical observations I have fully convinced myself that the 
majority of the vessels in the pia mater are surrounded by sheaths similar to those met 
with in the substance of the brain and spinal cord. I have not been able to demon- 
strate them, however, around the main trunks, and how the sheaths terminate I have 
also been unable to ascertain. However doubtful it may be whether these sheaths are 
in reality lymphatic tubes, there cannot be a doubt that such structures do exist 
around tne greater number of the vessels in the pia mater. — Tb. 
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which, like the lymphatic spaces, are only interrupted in those places where vessel 
or nerve-bearing fasciculi of connective tissue stretch across towards the skin, we 
can no longer regard as so surprising the supposition that the whole area beneath 
the pia mater should be a lymphatic space. 

The examination of good longitudinal sections through the brain and its mem- 
branes affords an exceflent check to the estimation of the results afforded by 
injections. If a longitudinal superficial section of a hardened human brain, made 
with a sharp knife and without sawing, be examined without a covering glass, the 
following purts are displayed : the pia mater, displaying itself as a thin tissue 
lajer^ is completely separated from the surface of the brain, and only connected 
with it by means of nne threads — ^the blood-vessels. Into the epicerebral enpace 
found underneath this, those canals open which accompany the blood-vessels of the 
brain as far as its surface *; sometimes the opening here is even slightly widened oat 
in a funnel-like manner. The thin layer of the pia splits itself in many places, and 
shews large, smooth walled, defined spaces in which blood-vessels ue, in such a 
manner, however, that the canals are onlv partially filled by them even when the 
vessels are h^jected. These spaces are the before described lymph-canals of the 
pia, and their communication with the epicerebral lacunar spaces takes place in 
those situations where vascular trunks issue from them, in order to go to the brain. 
Externally, the pia is connected with the arachnoid by means of numerous connec- 
tive tissue laminse, and the arachnoid, moreover, displays itself as a thickened 
surface layer. Between the subarachnoid spaces, however, and the lymph-canala 
of the pia mater no connection exists. 

I think I am able to maintain for the brain, then, that the perivascular spaces 
are lymph spaces, which open on the surface at once into the epicerebral lacunae, 
and thence into the lymphatic tubes of the pia mater. Arnold's deep lyins^ lymph 
network appears from his description to correspond with the epicerebral space ; 
the two upper networks, on the contrary, which he describes belong, as I think, 
to the pia mater itself, and are only here and there capable of being separated 
from one another. 

The decision with reference to the spinal cord, is more difiScult than 
for the brain. It is known that no anatomist as yet has succeeded in filling 
lymphatics proceeding from tiie spinal cord; and I have not been more fortunate 
than my predecessors. If one iniects the spinal cord through a puncture with 
a gentle and continuous force, the imection soon appears upon the surface at 
several small points. Arrived beneath the pia, it distributes itself however in 
streams which anastomose abundantly. When the injection is allowed to flow for 
a longer time under an equable pressure, no other result is obtained. I so 
contrived as to place portions of an unopened spinal column in a weak saline 
solution, and then directed an injection into the cord through a puncture, and 
under a weak mercurial pressure. The injection flowed freely from the opposite 
cut surface of the cord out of the spaces around the central vessels, and from 
those under the pia mater, but did not fill even the trace of an outgoing trunk. 
In this respect also is the condition different here from what it is in the brain, 
namely, that the iivjection never runs into the pia mater itself, but always remains 
between it and the cord. Even the microscope shews, moreover, no perivascular 
spaces around the vessels of the spinal pia mater. 

It seems really that direct outgoing lymphatic vessels from the spinal cord 
are wanting. But by this of course ic is not said that the perivascular and 
epispinal spaces of the cord have nothing to do with the lymphatic system. 
All their analogy with the above-described structures of the brain militates 
against this. It seems to me to appear much more probable, that the flow 
takes place only indirectly from the lymphatic spaces of the cord, since the 
injection mounts up partly under the thick pia, and partly in the wide spaces 
around the central •vessels, to the brain, ana thence takes its further oourse. 
Another indirect flux can take place into the subarachnoid spaces. Under the 
influence of increased force the solution will filter back through the pia mater, 
and can mix itself with the cerebro-spinal fluid. 

1 I think this statement needs verification. Certainly in veiy many cases, (he 
perivasonlar sheath encloses the vessels nninterraptedly between the Bnperfieial parts 
of the brain and the pia mater, and I have never myself seen the sheath terminate 
at the surface of the brain. If it does so there must be an amalgamation, at the month 
of the infiindibuliform opening, of the hyaline membrane with the nerve tissae, by 
means of the neuroglia. My own impression is that this does not take place, and I 
think we require more evidence before we con be quite satisfied as to the existence of 
this system of epicerebral lacnnss, notwithstanding the oarefnl manner in which Prof. 
His seems to have conducted his investigations. — Tr. 
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The whole distribntion of the perivajBCular canal system is unquestioimblj 
a salgect of the greatest physiologicjil interest In most organs of the body, and 
above aU in the membranes, in the muscles, and in many glands there is found 
an abundance of connectiye tissue capable of imbibition, which immediately 
takes up the fluid exuding from the btood, and holds it ready for the disposal 
of portions of tissue undergoing rapid nutritiTe changes, such as muscle and 
nerve fibres, gland cells, &a From the connective tiwue, the overflow out of 
the circulating fluid first reaches the lymphatic radicles^ which, after the fashion 
of drainage tm>es, permeate the organ. In the central nervous oi'gans this inter- 
mediate tissue, as is well known, takes so inconsiderable a place that for a 
long time it was totally overlooked. In the place of that abundant, spongey, 
basis substance, which is so prominent in other parts, we find here only a fine 
and tender network, which insinuates itself into the small interstices of the 
proper nerve tissue. In this form at all events, the intermediate tissue appears 
little fitted to fulfil the function of a general receiver of exuded fluid, wherefore 
the lymphatic system is now so disposed as to compensate for this want^ inasmuch 
as canals are produced around the blood-vessels, m which the nutritive plasma 
at first collects, and then gradually disperses. A similar disposition is found 
in other organs of the body: according to the investigations of Ludwig and Tomsa, 
in the testicles ; and from McGillivray's latest observations, in the liver. 

The same receptacles in which the nutritive fluid of the central orgtins is 
stored up, serve, moreover, as structures of a protective nature. It is well 
known that extensive arrangements are met with, in order to modify the 
mechanical influence of the circulation of the blood upon the brain and spinal 
cord. The presence of the cerebro-spinal fluid protects the brain as a whole 
from the almost inevitable force of the filling of the larger arteries and veins. 
By the winding course of the brain arteries before their entry into ihe cavity 
of the skull, by their connection with one another, and by the arrangement 
that all the vessels divide into fine branches in the pia mater, on the outer 
surfoce of the brain, it is brought about that the arterial blood flows only 
with a proportionately gentle force through the internal substance of the brain 
and spinal cord, and that it can manifest only in the most moderate manner the 
periodical oscillations of force due to the pulse. But all this appears to be 
insufficient to protect the brain substance against mechanical action on the part 
of the vessels. We see, in addition, that the whole intracerebral and intraspinal 
vascular system is separated by a well-marked envelope of fluid from the proper 
substance of the brain and spinal cord : a fluid envelope which communicates with 
extensive reservoirs on the surface, and into which the fluid can empty itself 
on the occurrence of the least difference of pressure^. Such an arrangement is 
indeed fully adapted to reduce to a minimum the mechanical action of the 
blood-vessels upon the nervous substance. What the liquor cerebralis does for the 
brain as a whole, that the perivascular fluid does for each separate portion of 
the central orgaiis. With the spaces which contain the cerebro-spinal fluid 
of course these canals do not communicate; but it is obvious that a higher 
pressure in the spaces must transmit itself to the contents of the lymph reservoirs, 
and vice versa. 

The pathological side of the question we are considering, I leave for the 
benefit of others; I allow myself only two observations, one of which is this, that 
the obriously marked difference in consistence of the central organs, on section, 
may be referred in great part to the more or less rich abundance of the periras- 

^ To insure the complete and perfect action of a mechanism of this kind it would 
certainly be necessary that this perivaacular system of canals should be in communi- 
cation with other extra-cranial canals, since in a case of general congestion of the 
brain the organ could only be relieved from undue pressure by the displacement of a 
proportionate quantity of the perivascular flnid, not only from the substance of the 
organ itself, but also actually out of the cranial cavity, as there would be just the 
same reason for its displacement from the pia mater as from the brain substance. On 
the diminution of vascular pressure the fluid would again soon accumulate in the 
perivascular spaces. Perhaps almost the same relief from tension might be brought 
about by the driving of the extruded cerebral perivascular fluid into reservoirs in con- 
nection with the spinal chord which admit of more distension, owing to the much 
greater proportioned size of the canal containing the spinal cord. So that if there 
are no outgoing trunks from the cranial cavity, and this system is not a branch of the 
lymphatic system, we should be compelled to look upon the perivascular canals as 
having a simply mechanical and protec&ve function, and to regard the more distensible 
spaces around the spinal cord as the complemental reservoirs, into which the excess 
of cerebral perivascnlar fluid might be driven in time of need. — Tb. 
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cular fluid. A second obserration is, that in states of dironic oongestion, the 
peiiyascular spaces may become permanently widened; I draw this condiuion 
from the fact &at in an old drunkard who died in an asylum, I found the canals 
in question of the spinal cord most unusually wide and capable of being easily 
injected ^ 

The subject has also its developmental aspect. The paradox, namely, that the 
brain and spinal cord, being vascular oi^;ans, are developed not from the middle 
but from the outer germinal layer, wholly loses its point when we consider that 
the vessels of this part penetrate into it from the pia mater (which is an o&prinff 
from this middle germinal layer), as a system formed altogether separately and 
standing onlv in contiguity with the proper nerve substance: the central nervous 
organs on this account enter into the category of organs of mixed structure, 
in which the glands especially are included, and also the teeth, according to 
KdUiker's recent observations. The Neuroglia itself api>ears from this, also, in 
another light, since it is nowhere in connection with the pia and the blood-vessels 
given off from it, therefore one would be mistaken in looking upon it as a connective 
tissue (with which also it does not rightly accord histologically), and we shall have 
to regard it as a tissue of a special kind. 

It appeared from my former investigations on the retina, that the relation 
of the blood-vessels to the surrounding tissue is altogether similar: as in the 
brain there also perivascular canals are present, concerning which I purpoee to 
treat in another communication. 



REVIEWS AND NOTICES OF BOOKS. 

Sh]ldsl nordostafrtkanisher Volker, von Dr Alexander Ecker, Profeaaor 
der Anatomic in Freiburg, reprinted from the Abhandl. der Sonckenb. Oesellsdi, 
B. VI. and sold by C. Winter, Frankfurt-am-Main. The collection of Skulls of 
North East Africftn Negroes, made by Professor Bilharz of Cairo, having been 
placed in ttie Museum of Freiburg, Professor Ecker publishes measurements and 
drawinffs of some of those which were traced to have belonged to membeois of 
particumr tribes. These tribes vary a good deal in many respects; and the 
crania likewise vary. He does not draw any particular inferences, but promiaes 
fnrdier anatomical details in a future treatise. 



AlTFECKBNINGKN OVER PE OUTLEEDKUNPB VAN DEN CaRPUB DER ZOOGDIBBXN, 

by W. T. Vrolik; an academical exercise, at the University of Leiden, for the de- 
gree of Doctor in J^atural Bcience^ by a son of the late eminent professor of that 
name. It gives a careful description of the carpus of Mammals mtended to sup- 
plement the work of Gegenbaur (Untersuchungen zur vergleichende Anatomie) 
which treats rather lightly on this subject. The author commences with a review 
of the opinions of Vicq d'Azyr, Owen, St Martins, Humphry, and others. 



HiSTORiOAL Sketch of the Edinburgh Anatomical School, by John 
Struthers, M.D., Professor of Anatomy in the University of Aberdeen. As early 
as 1605 the practical genius and good sense of the Scotch, requiring that every 
applicant for admission to the Incorporation of the Surgeons should ''knaw 
anatomea nature and complexioun of every member in manis bodie," gave ''auis 
in the yeir ane condampnit man after he be deid to mak anatomea." Still, owing 
to the unsettled state of the country not much progress was made until by the 
three, or, we might say, the four Monros the foundations of the school were hud, 
the reputation of which has been so well maintained by their successors, the 
BeUs, Barcluv, Knox, and not least, the late eminent professor. Professor Stm- 
thers' short '^Sketch' of the histoi7 of the School and of these distinguished 
men is very interesting. 



^ For an account of the important changes taking place in this system of canals in 
TubercuUMT Meningitis ^ see Edinb. Med» Journal^ Apnl, 1867. 
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FicuKDiTT, Pbbtilitt, Stbrilitt, and allied Topics, by J. Matthews Dun- 
can, M.D.J Lecturer on Midwifery, Edinbm^gfa, 8to., Adam and Charles Black. 
The questions connected with these topics are very carefully considered, and nu- 
merous tables are given collated chiefly from Scottish sources. The vigour of the 
female reproductive system is found to wax till the age of about 25. and then to 
wane; this being shewn by fertility as well as by the weight and lensth of the 
children. ^ In opposition to this it is remarkable that the fertitity of mothers 
in twins increases up to the age of 40; and the frequency of twm-bearing in- 
creases with the number of the pregnancy. The concluding part of the work 
on the 'duration of pregnancy' is particularly valuable. In many of the elaborate 
essays which have been written on this subject an important source of error lies 
concealed, the author thinks, in a want of clear discrimination between insemi- 
nation and conception; and he believes *' that a full comprehension of the bearings 
of this distinction will go far to equalise the discordant views as to the term of 
preffnancv in the human female, and to account for many of the so^ndled cases of 
prolongea gestation," p 331. The commencement of pregnancy must be dated 
irom conception ; and it is important therefore to ascertain what length of inter- 
val may exist between it and insemination. This period of time, whatever it may 
be, must be subtracted from all the supposed crucial cases ot the duration of 
pre|;nancy; and it is difficult to estimate it with certainty. The duration of the 
fertilizing property of the semen is probablv limited only by the term of life of 
the spermatozoa within the uterus, which ooservation in various mammals shows 
may extend to man^ days or even to weeks. He admits occasional protraction 
of pregnancy, but discredits most of the recorded cases, partly, because there is 
no mention of the child being bigger than usual. 



W. EuHNS. Lehrbuch der Phyiiologisehen Chemie (Text-book of Physiological 

Chemistry). Leipzig, Engelmann, 1866. 

LsHHuiif's Physiological Chemistry not only is now thoroughly out of date, 
but idways was a most troublesome book to use on account of the faultiness of its 
arrangement For everything almost, it had to be consulted in at least three 
places. The work of Gomp-Besanez^ though valuable for many things, especially 
lor its tabular statements and its richness in analvtical detail, has the fault of 
containing too much chemistry and too little physiology; a great deal of the first 
part of the book is out of place, while other portions are far too meagre. Be- 
sides it too is already getting ola. There is stnl in many minds too great a ten- 
dency to look upon physiological chemiiitr^ as a distinct branch of chemistiy with 
abstract laws of its own drawn from distinct phenomena and studied in distinct 
ways, whereas the whole progress of science most clearly shews that it ought to 
be regarded as a mere collection of concrete chemical problems which have to be 
solved by the speciad application of general chemical principles. A toxt-book of 
physiological chemistry ought to take for wanted thHt the reader is fairly ac- 
quainted with general chemistry, with the chemical history of those elements and 
compounds which happen to bo found in the animal body and so eo straight to 
the particular probloius, the special chemical transactions which make up so large 
a part of what we call physiology. 

Such a book is the one by l)r W. Kuhne. He wastes no time in reproducing 
from a chemical manual chapters on copper, or stearin, or albumin, but plunges 
at once into the chemistry of digestion, which he discusses in the very fullest 
uiauner, especially developing the most recent researches and theories. He next 
treiits of toe chemistry of the solid and fluid tissues of the body, and finishes 
with the excretions by' lungs, skin, and kidney. In other words, the matter of 
the book flows in the same way that matter flows through the living body. 

A very fair idea of the work may be gained by a perusal of the chapter on 
" The Chemistry of Muscular Tissue." The various extractives either nitrogenous, 
as 'kreatin,' &c. or non- nitrogenous, as *paralactic acid,' * dextrine,' &c., have but 
little space devoted to them, and that is chiefly taken up in discussing their ra- 
tional chemical constitution with a view to the discovery of their plivsiological 
genesis. The account of the proteid constituents, on the other hancl, is much 
more complete; and the anthor here expounds his views concerning the depen- 
dence of the phenomena of ri^or mortis on a coagulation of the fluid muscular 
substance. He speaks of muscle-plasma giving rise by coagulation to muscle-clot 
or myosin and muscle^serum. We say * his views,' but we suppose that by this 
time we may regard them as generally accepted by physiologiBts. The characters 
of * myosin,' its relations to 'syntonin' and the chemistry' of rigor murtis are fully 
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ffone into. Under the head of " Physiolodcal Function of Muscle," the author 
discufises, as far as present knowledge will permit, the chemistry of stimulation 
and the chemical changes undergone by muscular substance when it is thrown 
into activity, to wit the generation of paralactic acid, of carbonic acid, of kreatin 
and sugar (probably), frequent reference being made to the well-known work of 
Ranke. Sections, on ** The Influence of Blood over Muscles" and on ** The 
Venous Blood coming from Muscles" lead to a review of the *' Changes in 
the total metamorphosis of the Body induced by muscular activity," in which a 
leaning towards the theory of a non-nitrogenous source of muscular power is y^7 
observable. 

It will at once be seen from this brief sketch that the character of the bo<^ 
is, as we have said, essentially physiological. The chapter on muscle is not more 
so than any other portion. For instance, the chief part of the chapter on Blood 
is taken up with a full account of HsamoglobuUn (HsBmatoglobuMn) its deri- 
vatives (Hsematm, &c.)^ its relation to gases, its oxidation and reduction, its 
optical properties, &c., while the developement of fibrin from the two fibrin 
generators paraglobuUn (fibrinopkst) and fibrinogen is of course described at 
length. We might particularly call the attention of the reader to the discus- 
sion touching the relations of parglobulin (Schmidt's globulin) to the proteid con- 
stituent of Hsemoglobin, to ^obulin itselif, and to the other proteid substances 
of the blood. 

In short, we may venture to say, that if any one who has seen little of the 
procuress of physiological chemistry during the last five or ten years, who has sat 
at me feet of Lehmann only, takes up this work of Kuhne's, the book wiU seem 
to him strange and new from beginning to end. 

One fault it has, a glaring one. It gives no references^ Should it appear in 
an English dress, and we have some reason for hoping that it soon will, we trust 
that care will be taken to supply this great lack. 



0. EoKHARD. Experimental Physiologie des NerventystemB (Experimental 
Physiology of the Nervous System). Giessen, 1866. 

This is not a record of new experiments bearing on tho physiology of the 
nervous system, but simply a plam and lucid exposition of the present state of 
our knowledge in this branch of the science of life, written in order to furnish 
the physiological student vrith a general introduction to the whole subject A 
preliminary chapter discusses the electrical laws and describes the electrical ap- 
paratus, a knowledge of which is necessary as a preparation for physiologiod 
studies. The physical qualities of nerves are then considered, and aftermrds 
their physiological properties. Next follows a brief outline of the scanty ii^or- 
mation that experimental investigation has brought us concerning the functions 
of the brain, succeeded by more detailed accounts of some of the cerebral nerves, 
especially the pneumogastric. The spinal cord is treated of in reference to its 
laws of conduction, its reflex and tonic actions, its so-called psychical functions, 
and tiie subordination of its activity to the inhibitory mechanism of the brain. 
Several particular reflex phenomena of the brain and cord are then discussed, as 
well as the functions of certain spinal nerves ; and a section on the physiology of 
the sympathetic closes the book. 

The author states in his preface that he has striven to be brief, clear, and 
critical ; we may congratulate him on having succeeded. As far as we can see he 
has misled no important points, and yet has avoided the error of profuse accumu- 
lation. He has been so brief as to condense the whole matter into about three 
hundred pages, and so clear as an Englishman, of the typical kind, would hardly 
think a German could be. 

With reference to the controversy as to the action of the pneumogastric on 
the beat of the heart. Lister and Schiff, followed by Moleschottj as is well known, 
maintain that while powerful stimulation of the pneumogastric lessens the fre- 
quency of, or altogether suspends the cardiac rhythm, a milder application has the 
contrary effect of increasing the number of beats. Ffluger, however, with V. Be- 
zold and others, distinctly denies that stimulation of the pneumogastric, be it 
weak or strong, or moderate, can ever lead to an incToased frequency of the 
heart's beat. Here is a plain straightforward contradiction, on which an editor 
can be led to decide by nothing, except by researches of his own. Eckhard very 
emphatically sides with Ffluger, and discards tho theory of SdiifE^ that the phe- 
nomena of inhibition are due to exhaustion of the pneumogastric fibres. Bearing 
on this subject, we find recorded an instructive experiment Schclskc hod main- 
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tftined, that when a frog's heart has been brought to rest in diastole by exposure 
to a temperature of 30 — 33^ C, stimulation of the pneumogastric will produce a 
distinct beat The inference is that the pneumogastric is we motor nerve of the 
heart On repeating the experiment^ Eckhard found that no beat could be ob- 
tained, except when the electric current which served as stimulus was so applied 
tkeU it luut an opportunity qf escaping into the tubtttanee qfthe tieart. 

With regard to the automatic action of the heart itself, Eckhard comes to the 
conclusion, that one ought to look upon the heart not merely as an ordinary stri- 
ated muscle entirely dependent in its contractions on certain ganglia, but as a 
mass of contractile tissue of a peculiar kind contracting in a peculiar way, 
though iufluenced in an obscure manner by its nervous constituents. In this view 
he rests chiefly on three grounds. 1. That in the heart (of vertebrata at least) 
ordinary tetanus cannot be produced. 2. That a piece of ventricle, in which no 
ganglia can be found by the strictest search, may be thrown not into local con- 
tractions, but into a pulsation by a wholly insigmficant mechanical stimulus. 
3. That pieces of ventricle wholly n-ee from ganglia when enclosed in a constant 
current exhibit a regular rhythmic pulsation, an orderly sequence of systole and 
diastole. He says (and to our minds seems very just in saying) that these proper- 
ties are inconsistent with the view that the caraiac tissue is ordinary muscular 
tissue. 

The work is strictly experimental; theories and views are carefully excluded. 
The chapters on the electrical phenomena of nerves and on the laws of inner- 
vation are the clearest and most satisfactory we remember to have seen anywhere. 
References to authorities are given freely, and the verj latest researches are in- 
cluded. The student of physiology will find it, what it professes to be, a most 
useful and trustworthy introduction to the study of the nervous system. 



QuAnr'B AiTATOMT, 7th Edition, edited by Professors Sharpey, Allen Thompson, 
and Cleland. That tins would be the best compendium of Anatomy in our lan- 
guage we had every reason to expect from the eminent names upon the title- 
page; we need only say that the work is well worthy of them. Presenting, as it 
does, to the ordinary student the most recent researches in microscopical and 
developmental anatomy in a clear simple manner with abundant good illus- 
trations, such a work will do much to diffuse a better mode of studying anatomy 
and to elevate the scientific character of our students. It is of the same class 
with Henlb's Anatomie des Menschen, though it contains less of original 
matter than is to be found in that excellent Hanpbuch. 



EEPORT ON THE PROGRESS OF ANATOMY, by Prof. Turner^ 

Thb attention of anatomists has recently been directed to a stractore about 
the size of a small pea, situated at the tip of the human coccyx, which was named 
by its discoverer the Coccygeal Gland. It was first described by von Luschka of 
Tubingen, as composed of closed follicles filled with cells, and intimately con- 
nected with the terminal twigs of the middle sacral artery. He associated it 
with the pituitary gland. Julius Arnold, of Heidelberg, has since shewn, that it 
ought rather to be regarded as composed of tuft-like dilatations of the terminal 
twigs of the middle sacral artery, the muscular and epithelial coats of which are 
very materially thickened. The latest writer on the subject, G. Meyer of Got- 
tingen {ffenle u. Pjeuffers Zeitschri/t, 28th Vol. p. 135, 1866), agrees with Ar- 
nold in considering the bladder, or funnel-like spaces, seen in sections through 
the so-called gland^ to be arterial dilatations; but the cellular contents, which 
Arnold regarded simply as the hypertrophied tesselated epithelial lining of the 
arteries, Meyer describes to be of various forms and sizes. Irregular polygonal 
flattened cells with two long processes are sometimes seen, or polvsonal cells 
whose angles stick out in a pointed manner, or pear-shaped cells, and lastly cells 
which are quite round, and have the greatest likeness to lymph corpuscles. The 
nerve fibres of the gland consist of double contoured and pale fibres, they form 
a very delicate network, the pale fibres seem to end in ths muscular coat of the 
dilated arteries, the termination of the d- uble contoured fibres he could not trace. 
Neitlier he nor Arnold were able to see the ending of nerve- fibres in nerve-ceUa 
which Luschka described. Meyer examined the tails of the dog, rat, and mouse, 
and found no analogous structure there ; but in the cat, opposite the 2nd and 3rd 
coccygeal vertebra, in the space between the niusculus caudo-analis and the 
spine, he found a structure apparently of the same nature, though he admits he 
was unable to trace branches of the middb sacral artery into it. He also refers 
to Krause's observations on the occurrence of this bodv more largely developed 
than in man in Macacus cynomolgus, not at the end of its tail, but opposite the 
pelvic outlet From the structure of the bodv Meyer is inclined to place it along 
with the caudal hearts, or retia mirabilia, which are appendages of the arterial 
system in many animals. 

Adolf Kiihn in Gottingen describes {Hmle u. Pfeuffers ZeiUchrift^ 28Ui 
Vol. p. 147, 1866) two cases in which Accbssoky Supra-eenal Capsules were 
met with. Both occurred in adu't female subjects. In one case the left capsule 
had the accessory structure seated on its anterior sur£^e, and two small addi- 
tional bodies were attached by connective tissue and blood-vessels to the hilum 
of tiie right capsules. In the second case the accessi^ry body was seated on the 
anterior surface of the right capsule, and the left capsule had one acce^ory body 
attached to its hilum by connective tissue. Kiihn then gives a historical account 
of die cases in which accessory supra-renal capsules have been described. 

A. Gruenhagen {ffenle u. P/euffen Zeitschrifi, 28th Vol. p. 176, 1866) reviews 
the anatomical evidence which has been advanced as to the existence of a Dila- 
tator PUPiLLiB muscle in the Iris of man and the mammalia, and concludes, from 
many observations which he has personally made, that no such muscle ha^ been 
demonstrated. He also denies the existence of this muscle in the iris of the 
frog. He does not seem to have been acquainted with the observations of 
Joseph Lister on the same subject {Quarterly Journal qf Microscopical Science, 
1853. ^. 8), who has described in the iris of the horse distinct muscular fibres 
diverging from the sphincter pupillse towards the circumference of the iris, and 
quite distinct from the muscular coat of the arteries. 

H. von Luschka describes {Henle und Pfeuffers Zettschr\ft, VoL 26, 'p. 900, 
1866) a characteristic specimen of Hymen fihbriatus. He points out that the 
fimbriae are studded with numerous pyramidal, globular, and cylindrical papiUee. 

W. Finger describes the Mode of Termination of the Sensort Nsbysb 

IN THE MUCOUS MEMBRANE OF THE GlANS PENIS AND CLIT0RI& (Henle «. 

Pfeuffers Zeitschrift, Vol. 28, p. 222, 1866.) 

H. Meyer of Zurich {Reichert u, du Bois Reymond^s Archtv, Heft vl 1866) 
contributes two Memoirs on the Mechanism of the Humajt Skeleton, in which 
he discusses the car^l articulations and the movements of flexion, extension, 
pronation and supination. 

^ Prof. Turner much regrets that the unusual demands upon his time consequent on 
the illness and death of Professor Goodsir have prevented his completing this report. 
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L. Stieda of IXorpat describes the case of a woman, aged thirbr, in whom a 
pair of Cbryical Ribs sprang from the 7th oenrical vertebra ( Virawfd's Archiv, 
July, 1866, p. 425). Except that the left cervical rib was ossified to its vertebra, 
whOst the right was articulated to it by a moveable joint, both ribs closely re- 
sembled each other. In both a head, neck, tubercle, and body, were found; the 
anterior end of the body was |K)inted and connected by a hnment to a plate of 
cartilage attached to the anterior end of the first thoracic nb. An extenuJ but 
no internal intercostal muscle passed between the cerrical and first thoracic rib. 
The subclavian arteries had been removed so that Stieda could not determine 
their relationa The thoracic vertebrse and ribs and the lumbar vertebrae were 
nonnal in number. The paper concludes with a brief historical account of the 
cases previoasfy recorded. 

W. Gruber {ReicJiert u. Du BoU Reymond^s Arckiv, Heft v. 1866) records 
several examples of Secondary Carpal Bonks in Man. John Davy {Proc. Roy, 
Soc, London^ Dec. 6, 1866) records a number of additional observations on the 
BoNBS OF Birds. His enquiries embrace not only the bones of those birds in 
which the marrow is persistent throughout life, but those in which the marrow is 
replaced by air. 

Researches on the Minute Structure and Development of the Teeth 
are contributed by H. Hertz iVirchotif$ Archir. November 1866, p. 272). His 
observations were made on embryo pigs, dogs, aua calvca 

Notes on the Anatomy of the Inouino- Crural Region are communicated 
by M. Nicaise to the Archives g^Srales ds Midicine^ Julv and December 1866. 
His descriptions are clear and ample, but embrace no new tacts of importance. 

In an important memoir on the myology of Echidna hystrix (Traru, Linncean 
Soc^ 1866, Vol 25), St George Mivart enters into a general discussion on the 
Serial Homology of the fore and hind Limbs. 

W. Donitz (Reichert u. Du BoU ReymoruPi Arehiv, 1866) gives an ana- 
tomical description of a Double Monster. 

A. Bottcher {Virchnufs Archiv^ 36th Vol. 1866), communicates a series of 
researches on the Rbd-blood Corpuscles in the Yertebrata. W. Qruber 
{Reichert u, Du Boi$ Reyrm)nd'$ Arehiv, Heft vi. 1866) describes the Valvular 
Arrangements in the Vena Azyoa and its branches. Eberth and Belsgeff 
{Vir chouf 8 ArehiVy ^^i&mhGr 1866), communicate observations on the distri- 
bution OF THE Lymphatic Vessels in the endocardium, pericardium, and mus- 
cular substance of the heart. 

H. Hirschmann and Chrzonszczewsky {Virchow's Arehiv, 36th Vol. July 
1866, p. 335) communicate some additional observations on the More Minute 
Structure of the Texture of the Lungs. 

C. B. Reichert {Arehiv^ Hofb vl 1866) concludes that the presence of the so- 
called Bile-duct Capillaries between the liver-cells, as of other wall-less pre- 
formed spaces, such as the roots of lymphatic vessels, is not proved, and moreover 
not at all probable. 

H. C. Bastion {Quart, Joum, Microscop. Science, Vol. 6, 1866, p. 86) gives an 
account of the so-called Pacchionian Bodies, and supports the view that they 
spring from the cerebral layer of the arachnoid membrane. J. Lan^^^don Down 
{Medico-Chi. Trans. Vol. 40, 1866) records a second case in which the Corpus 
Callosum was defective. W. Manz, in Freiburg {Hefde unde Pfeuffers Zeitz^ 
ehrijt, 28th Vol. p. 231, 1866), describes the structure of the Ganglion-cells 
in the Retina of the Frog. 

Leopold Besser ( Virchow's Arehiv, 36th Vol. July, 1866, p. 305) describes the 
mode of origin of the Nervous Structures in the Central Organs of the 
Human Nervous System. W. Moxon {Quart, Joum. Microscop, Science, Oc- 
tober 1866) records an observation made on the mode of Termination of a 
Motor Nerve, but the conclusions arrived at in this paper are disputed by Lionel 
S. Beale in the Medical Times and Gazette, Jan. 19, 1867. 

Wilson Fox {Phil, Trans. 1865-66) in a paper on the Development of 
Strlated Muscular Fibre, regards it as produced by a definite series of changes 
commencing in the cells of the early embryo. 

Bochdalek Jun. describes a New small Muscle of the Tongue, extending 
longitudinally in the middle line between the two genio-hyo-glossi {Reichert u. 
Du Bois Reymond's Arehiv, Heft vi. 1866). 

John Wood {Proc, Roy. Soc. London, June 21, 1866) and Alexander Macalister 
(Proc, Roy. Irish Academy, April 23, 1866) record numerous examples of 
V ariatioks m the Arrangement of the Muscles of the Human Body. 



REPORT ON THE PROGRESS OP PHYSIOLOGY from 1st July, 1866, 
to Ist March, 1867. By William Ruthe&fobd, M.D., Demonstrator ^f 
PraetuxU Physiologf/, University, Edinburgh. 

Physiological Chemistry, 

Digestion. Bary (Hoppe-Seyler's Untersuch. l 76), from researches under- 
taken with a view to ascertain whether or not the products of artificial digestion 
of albuminates are to be found in the stomach and chyle, has found that while 
peptone is always present la the stomach during digestion, parapeptone is 
l^enerally absent. Like Lehmann he has failed to find eiuier of these substances 
m chyle. 

Blood. According to Hoppe-Seyler (Hoppe-Seyler's Untersuch, i. 133), 
the constituents of the tissues are oxidized outside the blood-vessels, and not after 
they have found their way into the blood, as maintained by Estor and Saintpierra 
Moreover, Hirschman (Reichert's Archives, p. 602, 1866) opposes Estor and 
Saintpierre's view that CO' is formed in the blood. Hirschman maintaining from 
his experiments that it is formed outside the blood-vessels, and afterwards passes 
into the blood. Gwosdew (CentraWlatt, No. 49, 1866) recommends the following 

Srocess for obtaining hsBmin cirstals in great abundance. Dried and powdered 
efibrinated blood is mixed with one-fifth of its weight of pure carbonate of potas- 
sium, and is then digested with alcohol of 93 to 94 per cent, at a temperature of 
from 40 to 45^0. ; the red solution is filtered, and the residue again extracted : the 
solution is diluted with more than its volume of distilled water, and rendered 
slightly add by means of acetic acid: the colouring matter is then precipitated in 
brown flakes, which, when dried at 100*^0- treated with one-fifth of its weight of 
chloride of sodium and 20 to 30 parts of glacdal acetic acid, and then digested at 
60® C, yields a solution whidi becomes almost completely transformed into crystals 
of hssmm. 

Preyer {Ann. der Chemie und Pharmacie, cxl. 187) disapproves of the 
quantitative estimation of haemoglobin by reckoning the amount of iron it con- 
tains, because the quantity of iron is extremely small, and the haemoglobin of 
different animals may not contain an equal amount of iron. He moreover 
disapproves of Hoppe-Seyler's colorimetricai method of estimating it, owing to the 
difficulties which most persons experience in perceiving nice differences in colour. 
He proposes spectrum analysis, instead of the two above-mentioned methods. A 
measured portion of blood must be diluted with water until the green is visible 
in the spectrum. Such a solution is taken as the standard for future calculations, 
its strength is ascertained by referring to a solution of pure haemoglobin of known 
strength. In order then to calculate the percentage amount of haemoglobin in 
blood, it is only necessary to take a known quantity of blood, observe the extent 
of its dilution when the green becomes visible in its spectrum, and by referring to 
the percentage of haemoglobin in the original standard solution to calculate the 
amount in the blood we may use. Perhaps for complete accuracy, the blood 
ought first to be saturated with oxygen. Preyer has found this method to be very 
exact. According to Hoppe-Seyler (Hoppe-Seyler's Untersuch. L 140), pro- 
tagon (see Journal qf Anat, ana Physiology, No. 1, 161), together with choles- 
terin, is present in serum as well as in the blood corpuscles. Leucocythsemic 
blood contains it in great abundance. Prott^on is also present in diyle in 
considerable quantity. Hoppe-Seyler supposes Uiat it plays an important part in 
the formation of fiEits. His paper contains also some observations on cholesterin 
in blood. 

Milk. Kemmerich of Bonn {Centralblatt, No. 30, 1866) has, under the 
direction of Prof. Pfluger, performed numerous experiments which confirm the 
theory advanced by Ssubotin — ^that butter is derivea from the metamorphosis of 
nitrogenous principles. (See Jour, of Anat. and Physiology, p. 159.) 

MuBCLB. Prof. Sczelkow {CentraMait, No. 31, 1866) has found that the 
muscles of the wings of fowls always contain less creatine than those of the legs, 
and that the quantity is increased by tetanising the muscles. Nawrocki {Central- 
bkUt, No. 40, 1866) has repeated these observations, and denies their aoctu*acy. 
He finds the same amount of creatine in the muscles of the wings as in the legs, 
and finds that it is not increased by contraction. 

Urins. Schunck {Proc. Roy. Soc. Nov. 1866) has obtained a small quantity 
of a crystalline &tty add from human urine. He has not as yet determined its 
composition, but he inclines to the opinion that it is a mixture of stearic and 
palmitic acids. He has also ascertainea that oxalurate of ammonia is a constituent 
of human urine, whether normal or abnormal however, his experiments are not 
numerous enough to enable him to say. He considers toat its presence affords an 
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easy expl&nation of tho appearance of oxalate of lime in urine long after its 
emission. This he considers due to the decomposition of oxaluric add into 
oxalic and uric adds. He ref^^rds the oxidation of uric acid as the source of 
oxaluric add in the body, just as it is found to be in the laboratory. 

Sound OF HiPPURio Acid. Meissner and Shepard ( Untersuchungen uber 
d<u Entiteheh der Hippur Saure im thierischen Organirmtu, 8vo. p. 204. 
Hanorer, 1866. Abstract in Centralbltitt, Nos. 43 and 44, 1866), haring entirely 
fiuled to find hippuric acid in the blood of herbivora, conclude that it is formed 
in the kidneys. This conclusion is supported bv previous experiments of Meissner, 
who could mid no hippuric add in Uie blood even after the kidneys had been 
extirpated. After introdudng benzoate of soda into the stomachs of dogs, they 
founa benzdc add in the blood and saliva, and succinic add in the sweat ; but 
hippuric add could only be found in the urine. In oppodtion to KQhne and 
Hallwachs, they assert that they have satisfactorilv proved that the converdon of 
benzoic into hippuric acid takes place quite independent of the liver. After 
injecting hippunc add into the stomach of rabbits, they found extremely little 
hippuric acid in the blood, though abundance was found in the urine ; on the 
otner hand, benzoic add and urea were abundantly found in the blood. When, 
on the other hjmd, hippuric add was injected subcutaneousiy, luppuric acid was 
found in the blood in large quantities, but no benzoic add. Hence it appears 
that hippuric add is decomposed in the digestive tract into benzoic acia and 
^lycocou, the latter of which, according to Kuthe and Horsford, is easily transformed 
mto urea. Meissner and Shepard haye found in the cuticle of plants a substance 
having the foUowiuj^ formula 0^4 HuO]. which is nearly identical with the 
formula for cinchonic acid Ci4HuOiy From this substance they suppose the 
hippuric add found in the urine of the herbivora to be derived. They advance 
many other interesting speculations which want of space forbids that we should 
notice. 

SouBOX OF Fat. Lawes and Gilbert {Ed, Land, and Dub. Phil. Mag. xxzil 
439), firom experiments on pigs, conclude that the fat stored up in their bodies is 
derived from the nitrogenous as well as the hydro-carbonaceous constituents of 
the food. Voit {Fermchs-Stationen Organ, p. 23, No. 1, 1866) supposed from 
experiments on the camivora that the chief if not the onlv source of fat in the 
herbivora must be the nitrogenous constituents of their food. 

Gltcooen. a notice of recent researches by Schiff {Journal de VAnat. 
No. A, 1866) on glycogeny has been given by Dr Foster at the close of his paper 
on Amylolytic Ferments^ in the first number of the Journal of Anatomy and 
Physiology. Tscherinoff of Moscow (Centralblatt, No. 6, 1867) supposes that 
glycogen is formed in the liver from the sugar conveyed to it by the portal vein. 
So that according to him the liver is a sugar destroyer instead of a su^ar /orm^r, 
as Bernard supposed. He ascribes diabetes to a diminution or loss of the sugar- 
destroyiuff function of the liver. After the researches of Bernard, Pavy and 
McDonnell, it is not likely tliat this idea will receive much attention. 

Myeline-Forhs. Neubauer (Virchotd's ^Arehiv. xxxvi. 303) has found 
that the roost beautiful so-called Myeline-forms, (rounded and elongated bodies 
with double contours, resembling nerve-tubes) may be produced by lUlowing a 
drop of ammonia to mix slowly with a drop of oleic acid. 

Source of Pulmonary Figment. According to Koschlakoff {Virchow^s 
ArchiVy XXXV. 17) all the pigment deposited in the lungs is derivea from the 
colouring matter of the blood. Yirchow (ibid. p. 186), on the other hand, alludes 
to cases where sharp-angled carbonaceous particles exactly resembling vegetable 
charcoal were found in the lung texture, leading to the belief that it had been 
introduced from without So that, according to him, introduction from without, 
as well as origin from within, must be regar&d as the source of the pigment. 

Excretion of Car^nio Acid by the Lungs. According to Lessen {Zeitsch. 
fur Bioligie, ii. 244), the amount of carbonic acid exhaled by the lungs is much 
influenced by the depth of the inspirations. There is absolutely more carbonic 
add excreted when slow and deep inspirations are taken^ than when they are 
quick and short, although the amount of air respired in a given time be Uie same 
in both cases. 

Nervous Systenu 

Brain. Simonoff of Kasan {Reicfierfs Archives^ v. 645) from experiments 
upon dogs has ascertained that the cerebral grey matter inhibits or restrains 
spinal reflex action. This had been previously ascertained to be the case in fix^ 
by Setschenoff of St Petersburg {Uber die Hemmungs-mechxinism fur die 
K^ex thdtigkeit des Ruckemnarks, pp. 80, Berlin, 1863). Lcydcn {Virchotcs 



360 DB RtJTHEBFOBD'S 

Arehi9y xxxvil 519) has made a series of obsenrations upon the moTementg 
of the brain, and the blood-pressure within the cranium by means of a manometer 
screwed* into an artificial opening made in the skulls of dogs. Together with 
other interesting {blcU, he ascertoined that when an animal is narcotised, tiie 
blood-pressure within the cranium increases pari passu with the appearance of 
the symptoms of narcotism. Dilatation of the pupil always followed a decided 
increase of the pressure. 

Medulla Oblongata. Von Wittich {Virchcyufs Archit^eSy xxrvn. 322), 
from researches upon frogs, concludes that tne influences which produce respira- 
tory morements never originate in the medulla oblongata as Rosenth^ maintains, 
but always in the lungs or skin, from which sources they act automatically 
through the medulla. 

Spinal Cord. Dr Ingram Spence, (Edin. Med. Jl. July 1866,) from experi- 
ments on frogs, concludes that strychnia acts on a set of cells termed by him 
'reflex' or intermediate' from their close connection with reflex actions. That 
these cells are not the moter-cells of the cord, he satisfactorily shews, but he 
gives no reason why they may not be the sensory cells Gay of lUisan {Cstitral- 
blatt, No. 4, 1867) has found strychnia in the grey matter of the spinal cord 
in animals which had been poisoned by it. The quantity found was propor- 
tionally greater, the slower the poisoning. 

Circulation, 

Dr Bever of Wurzburg {Centralhlatt^ No 53, 1866) confirms Von Bezold*s 
observation that the cervical portion of the smnal cord is the great motor centre 
for the heart According to Drs M. and £. Cyon, acceleration of the cardiac 
movements observed by Von Bezold to result from irritation of the cervical 
portion of the spinal cord is due, not only to irritation of the cardiac-branches 
of the sympathetic, but also to the increased blood-pressure, resulting from 
contraction of the small blood-vessels. The influence exerted by blood-pressure 
upon the rapidity of the heart's movements has not yet been ascertained. Bernstein 
of Heidelberg {Ventralblait, No. 1, 1867) says that as the pressure of the blood 
increases, the heart's action becomes slower, and that this effect is due to irrita- 
tion of the roots of the vagi as it does not ensue if they have been previously 
divided. On the other hand, Von Bezold and Stezinsky {Centralblatty No. 52, 
1866) maintain, with the brothers Cyon quoted above, that increase of the blood- 
pressure quickens the heart's action. According to Bever {Centralblatt, No. .')3, 
1866), section of the splanchnic nerves in the thorax acts like section of the 
cervical portion of the spinal cord in lowering the blood-pressure. These are 
the most important vaso-motor nerves in the body. Excellent pajpers on 
sphygmography, by Drs Burden Sanderson, and Anstie, wiU be found in the 
Lancet, p. 517, and p. 688, 1866 and February 9, 1867. 

MisceUaneous Observations, 

Ete. Yolchers and Hensen [CentraMatt, No. 46, 1866), by experiments on 
the eyes of dogs, confirm lielmhotz's theory of accommodation, therebv adducing 
evidence from the lower animals in its support. Adamiik {GentralbUUt, No. 36, 
1866), by means of a manometer, the one extremity of which was introduced 
into the anterior chamber, has ascertained that the intraocular pressure is 
diminished by section of the cerrical sympathetic; by atropin dropped on 
the conjunctiva; by opium, especially morphia, and by digitalin. The pressure 
is increased by extract of Calabar bean, mtroduced from the conjunctiva; by 
strychnia the ordinary pressure is doubled during tetanus; and finally by all 
imtants. Somewhat similar observations have abo been made by Grunhagen 
(Henie and P/eufer's Zeitschrijl, Dritte Reihe, xxvin. 238). 

Larynx. Dr Wyllie of Birmingham {Edin, Med.'JL Sept 1866), in an 
elaborate paper on the Larynx, offers the following theory as to the function 
of the false vocal cords, and uie ventricles of Moi^gagni. These cords by coming 
into apposition prevent the exit of air from the chest: the ventricles of Mor- 
gagni assist their closure just as the sinuses of Valsalva do that of the semi-lunar 
valves. The true vocal cords by their apposition prevent the entrance of air 
to the chest. He has demonstrated the above by experiments on the dead 
larynx and by laryngoscopic observations of the living. He also details 
numerous experiments which throw light upon the mechanism for the produc- 
tion of voice, which in order to be fully understood must be perused in the 
original. 

CiLLART Movement. According to Kuhne {Schtdtztfs Archives^ n. 372), 
if living cil!ated Epitheliiun be placed in an atmosphere deprived of oxygen, 
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moTement ceases, bat is reyived on allowiog oxygen to enter. When placed in a 
solution of h»moglobin they rob that sul^tance of its oxygen. Carnonic add 
stops the moyements. 

Spontaneous Generation. Experiments on eggs have led Bonn^ to believe 
in spontaneous generation {Comptes Kendus, Na 7, 1866). Although in egm which 
have been left to bocome putria without the shells having been broken, infusoria 
ne?er appear, Donn^ thought that this might be due to the absence of pure air 
owing to vitiation of the air contained in the egg by the development of gases 
due to decomposition. In order to obviate this he pierced the shell while it was 
closely surrounded by cotton wool, which according to Pouchet entangles fdl 
the germs floating in the air, which may be passed through it. After this had 
been done infusoria always appeared in the egg, and Donne concluded that they 
had been generated spontaneously. Members of the French Academy doubted 
that Donni had taken sufficient precaution to prevent the entrance of germs from 
without. To satisfy these objections Donn^ threw a jet of boiling water into the 
opening in the ogg in order to kill the germs {Una. No. 25, 1866), but notwith- 
standing this the infusoria soon appeared Pasteur objected to this that a tempe- 
rature of 212^ F., has been found by him insufficient to kill many infusorial germs. 
In replv to this Donn^ {/bid. Xa 1, 1867) pierced eggs with a stillette, allowed a 
little of the albumen to flow out, then filled tite empty space with boiiinff water, 
and sealed the aperture in the shell ; ere loogj vionones appesjred in the fluid, 
and Donn^ concludes that the boiling water must at any rate have killed the 
germs of vibriones^ and that consequently they must have been developed 
spontaneously from the oi^ganic matter of the egg. 

Intestinal Absorption. According to Letcerich {Virehou^i Arehiva^ 
xxxvn. 232), fat and albumen are not absorbed by the epithelium of the intestine^ 
but hj vacuoles between the epithelial cells, which lead directly from the 
Intestme into the Lacteals. Fat in tlie epithelium he considers pathological and 
generally due to excess of fat in the food. 

Action of Atropin. According to Von Bezold and Blobaum {CentrcMatt, 
No. 38, 1866), atropin paralyses the vagus without producing previous irritation 
thereofl 

Action of Yeratria. Von Bezold and Hirt {CmtnUblaUy No. 38, 1866) find 
that veratria first excites then paralyses the cardio and vasomotor centres. 
As has been observed in poisoning with Upas Antiar, so also under the influence 
of veratria, the auricles contract l£ree or four times for every single contraction 
of the ventricles. 

AonoN OF Arsbnio. Cunze (Henle and Pfeuffer's Zeitichr\ftf xzvm. 33) 
has found that if an animal be killed shortly after its getting a dose of arscnite 
of soda, not too large, the heart will continue to b^it for a much longer period 
than it does under ordinary circumstances : this fact was observed even when the 
heart was removed from the body. He supposes that arsenic enables the tissues 
to resist more strongly the ordinary tissue-oianges, and thereby to preserve their 
vitality longer. 

Innervation of the Salivary Glands. According to Wittich {Virchoufi 
Archives, xxxvii. 93), irritition of the cervical sympathetic in rabbits, cats, do^ 
and sheep produces increased secretion of a very fluid character from the Parotid 
gland, and simultaneously a tenacious fluid is secreted by the submaxillary ffland. 
Eckhard {Henle and Pfeuffer^s Zeitschri/l, 3^ Reike, xxix. 1), in opposition to 
Claude Bernard, maintains that the lingual ganglion does not serve as a reflex 
centre for salivary secretion, the onl]r reflex centre for the submaxillary ffland 
is in the brain. Moreover, fix)m experiments upon the nerves connected with the 
parotid of the sheep, he concludes that 1st, the parotid of that animal secretes 
constantly ; 2nd, the secretion is not controlled oy any of the cranial nerves — 
he considers it doubtfiil whether or not it is even governed by the sympathetic. 

Muscular System. Marey {Journal de rAnatomis, No. 4, 18()6) has ascer- 
tained by means of his myograph that each ventricular systole consists of a single 
prolonged contraction, and not of several short contractions, as is the case when 
a voluntary muscle is contracted for a period equal in duration to the systole 
of the heart. He adds the curious ob^rvation that a single contraction (e.g. 
that produced by closing or opening a constant current of elMtridty, transmitted 
through the muscle) of the voluntary muscles of the tortoise and Crustacea lasts as 
long as the cardiac systole in mammalia. Von Bezold {CeniralbkUt, No. 38, 1866) 
has observed that m muscles poisoned with veratria a single contraction no 
longer follows the closing or opening of a constant galvanic current transmitted 
throuffh them, but the muscles are thrown into a tetuoic state. Helmholtz ( Fer* 
handiungen d. NaturhUt. Med. Vereins. Heidelberg, iv. p. 88) finds that the 
normal muscular note produced by continued contraction consiBtB of 18 to 20 
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TibrationB in a second, instead of 36 to '40 as he formerly supposed. The note 
commonly heard is an octave above the fundamental note which is produced. 

Source op Muscular Forob. Prof. Parkes {Proc, Roy, Soe. January 31, 1867), 
in an elaborate paper on *Hhe elimination of nitrc^en by the kidneys and 
intestines during rest and exercise on a diiet without nitrogen," gives the results 
of an experiment performed hj him on two soldiers, wiUi a view to increase 
our knowledge on the subject indicated by the title of the paper. The experi- 
ment was virtually a repetition of that performed last summer by Fick and 
Wislicenus (see Journal qfAncU. and PhysioLy No 1, p. 158), but he ha« taken 
care to meet the objections offered to their experiment by Prof. Playfair, at the 
last meeting of the British Association, that they had not estimated the nitrogen 
given off in the faeces, and that thev had not continued the observations lonff 
enough in the period of rest which followed the period of work ; for he suggested 
there might have been a vicarious elimination of nitrogen by the intestine, and 
the nitrogen might have been retained in the system during the work, and dis- 
charged some time afterwards. Parkes has shewn that neither of these possibili- 
ties occurs. He took two healthy soldiers, and kept them for six days on their 
ordinary diet and occupation. He examined the composition of the urine dafl^, 
and ascertained that in both cases the constituents were pretty constant in their 
proportions : he moreover estimated the intestinal, cuts^eous and pulmonary 
egesta, and these together with the urinary egesta, when compared witn the food 
taken, and the weight of the body at the commencement and at the close of the 
experiment, shewed "^ that the tissue-changes in both cases were very closely the 
same, and that therefore the men were comparable and well fitted for the experi- 
ments." He then kept them for two days, in a state of perfect rest^ upon a non- 
nitrogenous diet. He ascertained the amount of food taken in this period, and the 
amount of nitrogen excreted by the kidneys and intestine. During a third period 
-~which lasted four days — the men returned to their ordinary food and occupation, 
in order that the system might regain its original state. During this period it was 
observed that the total amount of nitrogen excreted was during the first three 
days less than that excreted during the first period, when the other oonditioiis 
were the same. The amount of nitrogen excret^ during this third period 
gradually increased from the time when the non-nitrogenous met was abandoned, 
and only attained its normal amount on the fourth day, thereby shewine that 
nitrogen had been retained in the system to supply the place of that which had 
been excreted when no nitrogenous food was being taken. A fourth period 
extended over two days during which they performed work upon a non-nitro- 
genous diet : during this, as compared with the second period, the nitrogen excreted 
by the kidneys and intestine was found to be slightly increased As regards the 
Urea, during the first thirty-six hours of this period, it was found to be below 
the amount excreted in the corresponding penod of rest, but it rose somewhat 
above that amount during the last twelve hours of the fourth period, which was 
the night after a walk of 33 miles (on the previous day they walked 22 miles). 
Lastly, the men were kept under observation for four days alter their return to 
their ordinarv diet and work. Again, as in the third period, the nitrogen 
excreted by the kidneys and intestines graduallv increased, as had been observed 
in the after-rest (third) period It was found however that rather more nitrogen 
was excreted during the four days of the fifth than during the four days of the 
third period, but this slight increase was accounted for by the increased quanti^ 
of nitrogenous food taken during the fij^^h period. The conclusion from this 
experiment then is, that muscular work performed on a diet without nitrogen 
increases to a vei7 slight extent the amount of nitrogen eliminated by the 
kidneys and intestine, and unless the nitrogen be found to disappear through the 
skin we shall be compelled to conclude that in such cases, if not in all, muscular 
force is derived from the metamorphosis of carbo-hvdrates. 

Development of Striated Muscular Fibre. £!ckhard {Henle and Pfei^er'B 
ZeiUchr\ft, Dritte Reihe, xxix. 56) agrees with Savory, Lockhart Clarke, and 
F. Schulz that striated muscular fibre is not developed from cells but from a 
nucleated blastema. This conclusion is also supported by Braidwood (seeJoumo/ 
qf Anat. and Physiology. No. 1). All agree that the fibres are formed from tiie 
molecular matter in which the nuclei are embedded. Eckhard has also made 
observations on development of the heart of the chick, and states that at no period 
can cells be seen, but here, as in the muscles of the skeleton, the earliest stage is 
a nucleated blastema which rhythmically contracts before fibres make their dup- 
pearance, the latter are developed from the intemuclear matter directly. Lockhart 
Clarko had previously pointed out the fact that the development of the cardiac 
muscular fibre is the same as that of the voluntary muscles. 



NonoES OF Recent Dutch and Scandinavian Contributions to Anatomical 
AND Phtsiological SCIENCE. By W. D. Moore, M.D., Dub. et Cantab.; 
M.R.LA., &€., &C. 

I. NogU Bemasrkninger ma B^olkningtfoThcMene med iCBrligt Hensyn til 
AntaUet of mancUige og quindelige Inditider, Af. Prof. Dr Faye. Aftryck ur 
^forh. vid de Skand, Naturf. nionde mdte ar 1863/ ^Stockholm, 1866.) Remarks 
upon the proportions of the population, with special reference to the number 
of male and female individuals, oy Prof. Faye, M.I). 

In Sweden, where accurate statistical records have been kept during the last 
105 years, the number of females to that of males is as 109 to 100. Wappeeus, 
giving the average of 58^ millions of human beings, found that 106*33 Jiving 
boys were bom for 100 girls, and a much greater propondeiunce would be met 
with if death struck both sexes in equal proportion in the womb and during 
birth. But other reliable statistics have shewn that for 1000 still-bom females 
we have from 1346 to 1449 stiU-bom males. During the first years of life, too, 
the mortality is greater on the male side. The Professor does not think the 
disproportion is accounted for by differences in the ages of Uie parents, as has been 
supposed hj Hofacker, Sadler and Leuckart See more extended report of this 
part in Br%L and For, Rev., April 1867. 

II. Nederland8ch Archi^voor Genees-en Natuurkunde onder msdewerking 
van P. Q. Brondgeest, M. Imans, A. P. van Mansvelt en H. Snellen, uitgegeven 
door F. C. Donders en W. Koster. Utrecht, 1866. Dutch Archives of Medicine 
and Natural Philosophy, by F. C. Donders and others. 

1. Bijdrage tot de kennis der BloedUgch4jampje9, door J. G. van der Lith, 
M. D. Deel II. 2* Aflevering, p. 186. Contributions to our knowledge of the blood- 
corpuscles, by J. G. van der LitL 

The chief object of this paper \a to call attention to the hypothesis of Donders 
and Moleschot^ respecting the mode of development of tne blood-corpuscles 
in the Frog. These physiologists examined the blood of frogs which had been 
kept without food for Yarious periods, and, in addition to the red blood-cor- 
puscles, found nucleated cells ana free nuclei, the last especially being in greater 
number the longer the animal had been kept without food. Hence they correctly 
look upon these nucleated cells as blood-corpuscles in a state of retrogression, 
and of which at last the periphery disappears, leaving only the nucleua Lith 
considers that the view entertained by Wharton Jones, Ecker, Kneuttinger 
and others, that these nucleated cells are voung blood-corpuscles, presents many 
difBcuIties. A more detailed account of this paper is given in Dublin Quart Jl. 
qfMed, Sc, xliii. 249. 

2. (yoer de structuur f>an de terminal'itreng van den nervus rympcUhi- 
era en van het peripheriech gedeelte dezer zenuw, door G. J. Luchtmans. Ibid. 
p. 219. On the stmcture of the terminal cord of the sympathetic nerve, and of tiie 
peripheral portion of that nerve, by G. J. Luchtmans. 

In accordance with Bidder and Volkmano, and in opposition to Kolliker 
and Valentin, he attributes distinctive characteristics to the sympathetic fibres : 
viz. their greater fineness ; their accordance with wavy connective tissue, perhaps 
in consequence of their softness causing the fasciculi to adapt themselves 
in form and course to the neurilemma, which consists in part of wavy connective 
tissue ; and the inequality and irregularity of the reticulum surrounding their 
nerve tubules. He finds that the ganglionic globules, with their nuclei and 
nucleoli, are smaller than those in the spinal ganglia. With r^;ard to the spinal 
nerves he thinks that the sensory have a smaller diameter than the motor 
nerve-fibres, and that the sensory roots alone contain sympathetic fibres. 

3. Onderzoekingen over de histiologische zamensteUing der viokjes van het 
darmkanaal door Dr J. A. Fles, Ibid. p. 221. Investigations respecting the 
histological structure of the villi of the intestinal canal, bv Dr J. A. Fles. 

His method of investi^tion consists in tying some of the well-filled lacteals, 
and of the arteries and vems of the mesenterv in dogs and cats, fed or not with 
fat The portion of intestine, the vessels of which are tied in this manner, is 
flJso tied, opened between the ligatures, washed out with water at 98^ F., and 
then filled with a tolerably (?) strong solution of chromic acid. The part thus 
prepared is cut out beyond the ligatures, and placed in chromic acid. At the 
end of from tluree to six weeks the preparation is readv for examination. The 
villi arQ then firm, and present so much resistance, that, with a good razor. 
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transyerse and longitudinal sections can be mada These are placed in glyoerme 
or in dilute acetic add. We have in such preparations the vessels injected Ynih 
their natural contents coagulated. The author gives, as a conclusion from his 
investigation, that the lactoals in the villus possess in their lower two-thirds 
a proper wall, lined with epithelium, towards the apex of the villus, however, 
the boundary of the cavity is formed by a network of the finely fibrous stroma, 
which constitutes the basis of the villus. The meshes of this network are lsm3 
enough to allow chyle corpuscles or colourless blood-cells to pass throuni, 
which accordingly are seen throughout in the interspaces of the stroma of the 
villus (adenoid tissue). The author thinks therefore that in the villi colourless 
blood-cells are formed^ and in absorption are carried away vnth the fluids taken 
up. He found the central lacteal of the villus, after feeding the animals with fieit^ 
filled with fatty emulsion and colourless blood-cells. A layer of muscular fibres, 
a continuation of the muscular coat of the intestinal wall, is found around the 
lacteal. The extremities of the epithelial cells of the surface of the villus are 
connected, not with connective tissue corpuscles, but with the fibrous stroma. 
As to the nature and signification of the strise, perceived under a high magnifyiqg 
power at the basal end of the epithelial cells, the author can, frbm his inves- 
tigation, offer no decision. 

4. De Sarcine (Sardna ventriculi, Goodsir), onderzoek naar de plantciardige 
natuuTy den figchaamsboutn en de ontioikkelingsitetten van dit arganitmSy door 
Dr W. F. R. Suringar, Hoogleeraar te Leiden. Ibid. p. 222. The Sarcina 
ventriculi (Goodsir): an investigation concerning the vegetable nature, the 
corpuscular structure and the laws of development of this organism, by Dr. W. F. 
K Suringar, Professor at Leyden. 

The author comes to the conclusion, that the reaction of the sarcina-oeils with 
Schultz's test, which indicates the presence of cellulose in the cell-wall, deddes 
tiieir vegetable nature; while as vet no reason exists not to consider the sardna 
as an independent species. Robin had looked upon the sarcina as a kind of 
merismopoedia, but tne cell-division takes place inr these algse not in three direc- 
tions, while it does so in the sarcina. Yirchow had already investigated the 
vegetable nature of the sardna, but had failed to obtain the reaction of cellulose. 
Suringar succeeded in this, having discovered that the cells must first be treated 
with caustic potash or with nitric add. The parasite therefore retains the name 
of Sarcina ventriculi (Goodsir). It is to be considered as settled that it ore- 
duces no morbid symptoms, and that its occurrence is not connected with aefi- 
nite diseases of the stomach. We find it in the healthy and in the sick, also in the 
intestinal canal, in animals too, rabbits, fowl. A second species seems to occur 
in the urine. Heller, Hepworth, &c., and subsequently Welcker, have found 
sarcinsB in human urine. Rosman described the sarcinee found by Welcker more 
accurately, and points out a constant difference in the magnitude of the cells of 
gastric and urinal sarcinse. The latter are smaller by one half. Though farther 
observations are desirable, Suringar is inclined to look upon the urinal and gastric 
sarcinse as not identical, but as two different spedes. 

The author's further investigations respecting the structure and mode of 
development refer exclusively to the sardna ventriculi honiinis. It appeared to 
him that what is described by Robin as 07ie cell, is a bundle of eight cells, each 
provided with a cytoblast Robin's cell, with a depression in the centre, and 
partitions extending thence in four directions, is therefore a compound cell-mass ; 
what he called the four nuclei are independent cells, each of which, by partitions 
in three directions, speedily become again bundles of eight cells. In what was 
called nucleus by Robm (proper contents of cell), Suringar could, by using a high 
magnifying power with favourable light, distinctly demonstrate the cytobla^ 
By elongation and division the nuclei for the eight new cells are produced from 
the cytoblast. 

Division takes place by the development of three partitions perpendicular to 
one another. The development of those partitions regularly follows the same 
laws, but one is always somewhat further advanced than the other, so that in 
consequence of a greater extent of the surface in which the most developed parti- 
tion lies, the cells are seldom purely cubic but prismatic. 

The regular tracing of the formation and growth of the partitions, and at the 
same time of the ceUs themselves, and the observation of the time whidi elapses 
from the beginning to the end of a complete cell-division, have enabled Uie 
author to establish the laws of growth and multiplication in a mathematical fonn. 

6. Aansengroeiing van niet carrespondeerende zenuwvezelen, na interer»- 
nieele doors nijding van /let vicfde paar. Door Dr B. Rosow en Dr H. Snellen. 
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Ibid. Deel n. 3*^ AfleTermg, p. 348. Growing together of non-corresponding 
nerve-fibres, after intercraniaf division of the fifth pair. By Dr B. Rosow and 
Dr H. Snellen. The authors had entered upon a series of experiments as to the 
influence of the nerves upon the conditions of i)res8ure of the eye, but had arrived 
at no positive results. Some observations, incidentally made, appeared to them, 
however, not devoid of interest, and among these, one of a remarkable regenera- 
tive process in the divided nervus trigeminus. From the results of their experi- 
ment they infer that the hitherto so^alled neuroparalytic inflammation of Uie eye 
after division of the trigeminus, is to be consider^ as traumatic keratitis. 

On the 24th December the right nervus trigeminus was divided, in the 
usual manner, in a full grown rabbit Measures were taken to preserve the eye 
from injury. On the ISth January the animal was exhibited before the Physio- 
logical Society of Utrecht: the whole right side of the eye was absolutelv insen- 
sible. The cornea was normal. The vessels of the eye extenially visible were 
not perfectly dilated. The fundus oculi, examined with the ophthalmoscope, 
presented nothing remarkable ; the retinal vessels were not different from those 
of the other eve. The pupil was somewhat narrower than tliat on the other side, 
and it reacted to strong light. It was found that e^ual quantities of atropia, 
in^duced into the eyes, produced equal mydriatic action in each. An opposite 
experiment with calabar four days later, likewise proved in every respect equality 
of the eyes. 

** 24 January : Insensibility continues, eye sound, but there is considerable 
subcutaneous accumulation of pus around the eyelids in the situation of the 
sutures fastening ihe cover for the protection of the eye. It was determined 
to remove the cover. The following day the coi\junctiva was red, there was 
excretion of mucus ; the cornea was uneven from the exfoliation of epithelium. 

*^ On the 26th January the eyelid-slit was quite covered and closed with dried 
mucus. This was carefully soaked away. We now found the cornea turbid; the 
inferior third of it was completely infiltrated and white, and superficially softened. 
Only in the upper part was the cornea still so transparent that the iris and the 
margin of the pupu could be seen. The suppuration of the sutures in the skin 
had meanwhile n«ui^ disappeared. 

'' We have here m 33 days after division of the trigeminus, merely by no 
longer protecting the eye from injury, complete! v obtained the neuro-paralytic 
ophthalmia of earlier science. We now proposed, by curing this * neuro-paralytic' 
ophthalmia, still further to prove the correctness of our view. The cover was anew 
placed before the eye, and was not again left off. The good eye was repeatedly 
cleaned. Even on the folloAving day the congestion was diminished^ and the 
cornea presented a more favourable appearance. With strict cleaning alone, 
without the employment of any remedy, the affection of the cornea was com- 
pletely removed. On the 15th February a small spot remained on the inferior 
portion. The pupil was somewhat contracted. In the middle of March a small 
piece of the cornea was cut outu in order, under these circumstances, also to trace 
the process of regeneration. Hereupon violent reaction ensued, keratitis with 
great vascular formation, so that on the lower surface of the cornea a complete 
ponnus was developed. On the 1st April the cornea was aeain transparent, and 
in the middle of that month all irritation had ceased, and the ophthalmia had 
left behind it only a slight spot. 

** During these observations a very accurate investigation was repeatedly insti- 
tuted as to the continuance of the insensibility of the eye and of the surrounding 
parts. On the 27th January an interesting phenomenon in this respect was, for 
the first time, observed. Up to that date, the whole of the right half of the face 
had continued quite insensible. The cornea, conjunctiva, upper eyelid, and supra- 
orbital region were still quite insensible. On strongly pincning a circumscribed 
part of the under eyelid, not the slightest reaction of the eye and eyelids now 
ensued, but, on the other hand, remarkably enough, constantly a movement of the 
mouth precisely as in chewing. At first it was thought whether this phenome- 
non mifi^ht be accidental ; but upon irritating the same place several times con- 
secutively, precisely the same chewing movement invariably arose. The animal 
meantime remained otherwise ouite apathetic. It moved no other lid, and even 
for the strongest pinching of the part did not draw the head back, so that it 
seemed that the irntation of this circumscribed place, which reacted so peculiarly, 
produced no unpleasant sensation in the animal. This phenomenon continued, 
and can even to day (3 months later) be exhibited most satisfactorily several times 
consecutively. 

'* The state of the animal was again exhibited before the Phvsiological Society 
on the first of May: with the exception of a slight spot on the cornea the eye 
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was quite well The whole bulb, the apper eyelid, and the whole upper half of 
the right side of the face, indudiog the nasal cavity, were insensible. On irri- 
tating tl e under eyelid the chewing movements above described always took 
place ; the part formerly circumscril^d had therefore extended over the whole 
right lower half of the face. Contrary to. what hud been before observed, this 
place now appeared to be hyperaesthetic : very slight irritation, even slight pulling 
of the eyelasnes, produced the chewing movement, and stronger irritation was 
app>irently disagreeable to the animal, as thereupon it quicldy drew back its 
head. 

" No other explanation of this last phenomenon is conceivable, than that the 
peripheral nerve-branches have coalesced with the central ends of the nerve-fibres, 
previously connected with the cavity of the mouth, so that now upon irritation of 
the eyelid a sensation arises in the mouth. The mechanism of the intracranial 
division of tbe trigeminus renders it very possible that the two extremities have 
in some manner been pushed into opposition to one another. In other cases of 
neurotomy, fdso, the growing together of non-corresponding nerve-fibres has been 
witnessed. 

'' This case is undoubtedly interesting with respect to the question of the nutri- 
tive influence of the trigeminus. The unquestionable coalescing of non-correspond- 
ing nerve-fibres proves, in a very absolute manner, the completeness of the 
division of the nerve, and still the eye continued, in the ftbsence of any traumatic 
cause, I)erfectiy healthy. Moreover the traumatic keratitis, twioeproduoed, got 
well precisely as we see occur where the sensibility is unimpaired. We have thus a 
confirmation of the result of the experiments of U. Snellen, rel&ted in an Inaugural 
Dissertation, 1857, p. 27 : that division of a nerve produces no essential change 
in the process of iiyHammation'* IhM. Quart. Joum, xxviii. 449. 

6. Over de zelf-regeling der dierlijke JVarmte. Door Jacobson ea Landr^, 
Gandidaten in de geneeskuude aau de Utrechtsche Uoo^eschool, {met voor en 
naschrifi van F. C. Donders.) Ibid. p. 356. On the self-regulation of animal 
heat. ]^y Jacobson and Landr^, Candidates in Medicine in the Univeratty 
of Utmecht. {With introduction and appendix by Professor Donders.) Pro- 
fessor Donders suggests that oold-blooded and warm-blooded animals misht be 
better classed as animals of inconstant and constant temperature. The former 
follow the temperature of the surrounding medium, the heat which they develop 
at most maintaining tiiem a little above it. Their life is possible, though on a 
low scale, at a temperature at which they nearly freeze, as well as in the n-eatest 
heat of summer, to which they are exposed. The latter, and especially man, 
live with a still greater difference of extemtd temperature ; but the tem{ierature 
of the internal parts remains tolerably constant, and great deviations in most 
cases soon remove the conditions of ufe. Bergmann and the writer, indepen- 
dently of each other, recognised in the skin the moderator of animal heat, 
and found that in its vaso-motor nerves the self-regulation of the latter takes 
place. 

In many animals some parts of the surface of the body are specially adapted to 
act as moderators. In the dog, the paws, nose, and especially the tongue ; in the 
ape certain parts of the face ; in cocks and turkeys the vascular combs and gills, 
wnich usually have a low temperature, but under particular drcumstances become 
very warm; in the rabbit, Sdiiff Ims discovered a phenomenon in the ears, 
which makes their part in the economy of animal heat plain enough: viz. 
the periodical contraction and dilatation of the vessels, wnich, as Professor 
Donders saw with van der Beke Callenfels {Dissert, inaug. Utrecht 1859), on 
conveyance into a cold temperature pYe way to permanent contraction, and into 
a warm to permanent dilatation,— m the former case with warm, in the latter 
with cold ears. The theory which places the moderators of heat in the skin, 
in rabbits more particularly in Uie ears, had as yet received but little experi- 
mental confirmation ; to supply this in some degree is the object of the researches 
of HH. Jacobson and Lanare. The details of their experiments upon rabbits, 
are given in a number of tables ; the results of these, they observe, prove that the 
persistently elevated temperature of the ears, which is tne result of the diviaiou 
<if the sympathetic nerves, gives rise to cooling of the body, which gradually 
recovers, while increased metamorphosis of tissue meanwhile diminishes the 
weight of the body. They show further, that, other things being equal, the 
variations of the animal heat are greater, when the semiparalytic condition of 
the vessels of the ears interrupts their action as moderators of the same. 

7. De phonauiograaf, een middel tot bepaling van de absolute quantiteit der 
vocfdeny door F. C. Donders, Ibid, 4^« Aflevering, p. 466. The phonautograph, 
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a means of determining the absolute quantity of the vowels, by Dr F. G. Donders, 
F.R.S., Professor of Physiology and Ophthalmology in the University of Utrecht. 
This communication conveys further observations (see pase 173) on the vibra- 
tions and corves belonging to the consonants and vowels, as determined by 
the phonautograph of M. 8cott 

8. Over de hepaling der dierlijke tcarmte bij puerperaal-processen, door 
Prof L. Lehmann. Ibid. p. 470. On the determination of the animal heat in 
puerperal Processes, by Prof. H. Lehmann. 1 he observations were made in a 
great numoer of cases, and the part selected was the vagina, which in non- 
pregnant women gave 98® F.; during pr^^uucy 99"; during parturition 104®; im- 
mediately after delivery 100®; on the 2nd or 3rd day 102® to 105®. 

9. Geleidingihanen in het ruggemerg toot de gevoeh-indrukkefif txdgens 
onderzoekingen op versehillende diersoorteHy door Dr H. Sanders Ezn. 1866, 
p>id, 2i^ Aflevering, p. 379. Paths of conduction in the Spinal Cord of sensory 
impressions, deduoea from investigations on different species of animals, by 
Dr A. Sanders Ezn. 

The result of his experiments of isolating the posterior columns of the spinal 
cord, and transversely dividing the remainder in Frogs, is (in opposition to those of 
Brown-Sequard and Van Deeu, and to some extent in conformity with those of 
Schiff) that sensory impressions, the effects of the stronger sensory as well as 
tactual stimuli, are conducted longitudinally by the columns. He finds also that 
sensory impressions are very freely conducted in the grev matter, those from 
either side passing through any part of it. He believes, with Deiters and others, 
that the fibres of the posterior roots all pass into the grey matter; and he thinks 
that the route of the impressions after traversing the grey matter is in part, 
at any rate, through the posterior columns. 



M. Robin, Journal de VAnat, Jan. 1867, in an elaborate paper on the 
Ltmphatios of the Torpedo and other Plagiostomous Fishes, shows that there 
are no superficial Ivmphatics in these animals, the vessels supposed to be such by 
Monro and others being veins. The description of the relations of tiie lymphatics 
to the blood-vessels is generally in accord with Professor His' account of the 
(perivascular) spaces formed by the former around the latter. He regards the 
endosmotic force in the membrane of the blood-vessel separating the blood from 
the lym^h, to be the main agent in promoting the flow of lymph rather than any 
contractile action of the lymphatic vessels ; and he remarks that this structure 
of the lymphatics suggests that the Ivmph is derived not from the disint^^tion 
of anatomical elements, as muscular fibre, &c., but from the blood itself, and that 
their principal function is to carry off the excess of the blood-plasma. 

Dr Ouimus (ibid, p. 47, Experiences sur la Genbse des Leucoottes et sur ht 
Generation Spontanke) endeavours to prove, 1. The spontaneous production of 
anatomic elements in amorphous blastema, in opposition to the views of Virchow. 
2. That vibrios are produced by heterogeneous generation in the serosite from a 
blister and from the white of egg, if the molecular actions and processes of endos- 
mose and exosmose be allowed to take place, even though germs be absolutelv 
excluded. The experiments were made bv taking the serous fluid from a fresh 
blister, in which stiite it is free from colourless coipuscles (leucocytes), and placing 
it in gold-beater*s skin and then introducing it under the skin of an animal. 

M. Perez gives in the Annalee des Sc, Nat, a verv elaborate description, 
traced through all the stages of its life-circle, of a species which first appeared under 
the generic name of Vibrio, then as Anguillula, then as Rhabditis (Digardin), 
and adds some interesting remarks on the cellular theory of embryology. 

M. Edouard Gouriet has contributed an interesting paper to the Annates 
(Dec. 1866) on the function of the swim-bladder of fish. His experiments were 
made upon living fish of several species (tench, carp, roach and gudgeon), and 
consisted of: (1) the puncture and emptying of the air-bladder; (2) the section 
throughout its length of the circular cincture of muscles by which the fish was 
supposed to compress the bladder; (3) by this process comoined with the com- 
plete removal of the bladder. In all cases the fish could gain the surface at 
pleasure, and had no difficulty in sustaininff itself in that position. From these 
and other experiments he concludes that the swim-bladder is onlv an accessory 
swimming organ. Its volume continually varies during ascent and descent, but 
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the fiah does not need to exert any volition to accomplish this, as the variable 

Eressure of ihe column of water effects it In fact, the fonction of the swim- 
ladder is not indispensable, and is purely passive. 

Th^e experiments, conjoined with those communicated by M. Monover in 
April, in which he showed that the distension of the swim-bladder tended to 
increase the instability of the already unstable eauilibrium of the fish, and was 
in no sense a locomotive organ, seem completely to overthrow the ingenioofl 
theory connected with this organ, which once received impUcit credence. 

Professor Burt Wilder gives {Proc. of Boston Nat. Hist Soc., May 1866) ao 
instance of a cat with 7 t^ on one fore foot, and 6 on the other, and 5 to^ on 
each hind foot The supernumeraries were all on the radial and tibial borders. 
He regards them as instances of simple vegetative repetition, and considers it 
unsafe to attempt to determine morphologic^ relations by reference to parts so 
liable to variation from vegetative repetition as are the terminal segments of 
the limbs. 

The results of Philipeaux's studios on animal grafting and on the reprodnctioii 
of the spleen in mammifers and of limbs in aquatic salamanders (Annale$, Jan.), 
may be summed up thus : 

The spleen which has been removed, when replaced in the abdomen some- 
times reunites by its hile to the mesentery and continues its function. If the 
spleen be completely cut away no reproduction occurs; but if a part (three- 
sixteenths of a mouse and one-tenth of a rabbit) be left it is gradually reproduced. 
If the whole limb, including the scapula, be removed from a salamander no repro- 
duction occurs ; but if shaved off dose to the body, the whole Umb, with its twenty- 
three osseous constituents, is reproduced. 

M. Plateau (Annales, Jan.) shows, by experiments, that the typical eye of a 
fish is eaually suited for vision in air and water as far as distsmt objects are 
concerned. For near objects (non-parallel rays) the focal length is shorter in 
the air than in the water. Amphibious animals (mammals, birds, reptiles, &c) 
have eyes approximately like fish, they therefore, as well as fish, can see both in 
a watery and aerial medium, while the greater ac^ustment to variable distances 
necessary to vision in the air is supplied to amphibious animals by the aid of the 
ciliary muscle. 

M. Glassarede, in a note on the reproduction of Aphides (Annales, Jan.), con- 
firms the view of M. Mecznikow, that in Aphides we have a case of agamo-oexesis, 
and combats that of Balbiani, who mamtains that the intermediate aphis is 
hermaphrodite. The difference turns upon the character of a ffreen cellul&r mass 
to which the blastoderm gives birth, and which is in juxtaposition with a colour- 
less cellular mass which the authors call respectively ovary and pseudovarium. 
The first-named a^egation of cells is called a testis by Balbiani and a supple- 
mental vitellus by Mecznikow. 

Dr Yoisin and M. Liouville (Journal de PAnatomie, Avril 1867) found the 
effects of CdRABA to be an augmentation of the force and frequency of the pulne, 
increase of the internal temperature, in the number of inspirations, and of the 
urinary secretion (which contains sugar); in stronger doses, disturbances of the 
circulation and of the power of voluntary motion, hyper-secretions, and derange- 
ments of the cerebral and visual fiinctions. These symptoms are so exactly 
characteristic of fever, that the authors conclude that the action of fever must be 
identical with that of the poison. Curara acts on the motor nerves^ espedallv 
on the vaso-motor branch of that system, the nerves of sensation being unaffected. 
Death ensues from this cause alone, muscular irritability remaining intact The 
opinion that the poison is innocuous when taken into the alimentary canal, be- 
cause it is eliminated by the liver before it reaches the general circulation, is 
confirmed. 

Dr J. B. Sanderson's purpose, in the Croonian Lecture for 1857, On ths 
Inpluexoe exerted by the movements of Respiration on the Oirculation 
OF the Blood, was to ^ow the incorrectness of the statement usually made that 
the frequency of the pulse is lowered and arterial tension diminished during 
inspiration. He shows, on the contrary, by experiments made upon does that the 
immeidate effect of inspiration, as well as of expiration, in natural oreathing, 
is to increase both force and frequency of the heart's contractions; and even 
during dyspnoea caused by partially plugging the trachea the force and freqnencv 
of the pulse were increased by the prolonged inspiratoi7 efforts of the animal 
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In the interral or pause between the thoracic moTements, which is about two- 
thirds of the period oocnpied by the respiratory act, the force and frequency of 
the pulse declined. This effect of inspiration ia entirely mechanical, and is due to 
the influence of the thoracic expmsion aiding the expansion of the heart during 
diastole and of the thoracic reins ; for, other things being equal, the force and 
frequency of the contractions of the heart are increased by whatever causes 
accelerate its diastolic impletion. Proe, Royal Society ^ March 1867. 

Briicke recommends the following metlKKl of preparing a "soluble Berlin 
blue*' for transparent injections. 

Dissolve 217 grammes of ferrocyanide of potassium in 1 litre of distilled water. 
Dissolve 10 grammes of Ferric chloride in 1 litre of distilled water. Prepare a cold 
saturated solution of sulphate of sodium. Mix one volume of the ferrocyanide 
solution with two volumes of the soda solution, and also one volume of the iron 
solution with two volumes of the soda solution. Pour the iron mixture gradually 
into the ferrocyanide mixture with constant stirring, and let stand for some hours. 
Pour off the supernatant liquid and filter off the deposit. Wash the deposit 
with 8maU quantities of distilled water until the filtrate runs through quite blue. 
Press and dij. 

The blue powder thus prepared is readily soluble in distilled water. To a 
concentrated solution of it add only just so much gelatine as will ensure the 
mixture setting in a jellv. Immediately after ii^ecUon throw the object into 
spirit, and let it remain there for 24 hours. Cut it into pieces and luirden in 
90 p.c. alcohol 

The sections at first often appear to have lost their colour, but are readily 
revived by being soaked in turpentine, esf>ecially in turpentine which has for 
some time been exposed to the action of air. They may then be transferred 
to Canada Balsam, or to a turpentine solution of Dammara. This iigection bears 
chromic acid and bichromatic of potash well, but all fluids containmg glycerine 
must be carefully avoided. 

Cohnheim and Kdllicker strongly recommend the use of chloride of gold for 
demonstrating various points in histology. Tissues which have been soaked 
for some time in a weak solution of it, and afterwards exposed to light are found 
to exhibit certain parts, ex gr. nerve-fibres, connective-tissue corpuscles and cells 
in general, stained of a bluish, violet, or reddish colour, while otner parts ex gr. 
intercellular substance &c., are untouched. The fresh tissue should be covered 
with a little of a solution of from 1 to *2 per cent, of chloride of sold in 
distilled water (the strength must be made to vary according to the thickness of 
the object and other circumstances), and allowed to stand until it assumes a 
straw-yellow colour. It should then bo washed and placed in very dilute acetic 
acid (1 to '2 oer cent). I'he colour will in the course of some hours gradually 
develope itself. Nerve-fibres and connective-tissue corpuscles are exceedingly 
well shewn by this method, which will probabljr come into very general use as 
a sort of correlative of the ** silvering" method with dilute solutions of nitrate of 
silver. As a general rule what the silver stains the gold does not, and v^ice 
verifo. 



Professor Huxley, who, during the months of February and March, has been 
delivering the Hunterian Course of Lectures at the Royal College of Surgeons on 
the Sauropgida, or ^up composed of Reptilia and Aves^ laid before the Zoolo- 
gical Society on April 11th the results of his researches into the Cuajsull Chabao 
T£K8 OF Birds in regard to their afilnities and arrangement. 

After some general remarks on the virtual identity of structural principle 
between Reptiles, especially the LctcertUiay and Birds, and maintaining that uie 
latter did not form a class in the sense that Mammalia do, Prof. Huxley said that 
in castinff about for some character which mi^ht guide him to a natural classifi- 
cation of birds, he had come to the conclusion that this was most completely 
furnished by the structure and arrangement of the different bones forming the 
palate. Whv this was he did not pretend to offer a suggestion ; it was a fact to be 
ascertained b^ observation. He then proceeded at considerable length to point 
out the variation of structure and arrangement observable in the different groups 
of birds, which might be disposed, he said, into three Orders : (I) the Saururas 
of Ueckel, the existence of which was proved by the unique specimen of that 
marvellous form Archofopteryso; (II) the Raiitofy composed of a small numbw of 
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forms, Ostriches, Apteryx, and their allies ; and (III) the CariruUw^ which inchides 
all the remaining extant birds. The CarinatWy he said, might be separated into 
four well-marked groups or sub-orders ; (i) DromwoffncUhce^ (ii) SchizognatJug, (iii) 
DegmognathoB, and (iv) JSgithognathw. The first of these comprehended only 
the New World family Tinamidae, in which the cranial characters were entirely 
those of the Ratitw, or, to speak more precisely, of the eenus DromcBtu, In 
other respects Uieir structure wub very generally that of GaUinaceous birds. The 
second sub-Order, Schizognathce, was made up of six m)ups, which led on from 
one to the other imi)erceptibly, and might be named, (1) GeranomnrphcB, (2) 
Charadriomorphce, (3) Otlumoidw, (4) AlectoromorphWy (5) Cecomorphie, and 
(6) Sqiiamipennes, Among these birds would come the Cranes, Bustards, Plovers, 
Snipes, Doves, Poultry, Gulls, Petrels, Auks, and Penguins. They all had the roof 
of the mouth cleft in such a manner that the blade of a knife might be passed 
forward freely on either side between the vomer and the palatal lK>nes. In the 
third sub-Order, DetmognathcBy to do this was impossible, the knife was at onoe 
stopped by a bony bridge : this group including fiird& of Prey, Parrots, nearly 
all the Picaria of Nitzsdi, the Anatiaee^ Flamingoes, Ibises, Storks, Herons, and 
the Pdecanida — he sub-divided into seven groups as follows : (1) Raptores, 
(2) Ginglt/mognathcB, (3) Picaria^ (4) Chenomorpn€B, (6) Hrfniciconi<Bj (6) P*- 
largomorpfuBy (7) Steganopoda, The fourth sub-Order had a palatal arrange- 
ment and structure somewhat intermediate between the second and third. This, 
the MgithngnaihoRy comprehended by far the largest number of genera and 
species of birds, and might be divided into two groups, (1) CymehymorphWy com- 
prehending the Goat-suckers, Swifts, and Humming Birds, and (2) PcuJtt^es, com- 
prising all the groups not hitherto named, and surpassing them all put together in 
number. They are distinguished by a remarkable unifonnity of general structure ; 
however, in some of them, as in certain Finches, was apparent a superficial resem- 
blance to the structure of the palate in the Parrots {G-inglymognatnai). 

Prof. Huxley then explained more at length his scheme of classification as 
given below : — 

r I. SauroraB. 
Order < II. Batitaa. 



( III. CariuatflD. 



i. DromsBO- 
gnathsB. 



1. Tinamo- 
morphaB 



ii Schizognathffi. 



8. Geranomorphie 
2. Charadriamorphffl 
7. ColumbidaB 
6. Alectoromorphffi 

4. CecomorpheB 

5. Squamipenues 



iii. DesmognathflB. 



1. ^githo- 
gnathie. 



8. Baptores. 18. Ginglymognathie 

14. PicariflB 

9. Chenomorphie 

10. HemioiconisB 

11. PelargomorphflB 

12. Steganopoda 



15. Cypso- 
lomoipluB 

16. Pas- 
seres 



Prof. Newton being called upon by the Chairman (Dr Gray), expressed his 
general assent to the results at which Prof. Huxley had arrived, but not alto- 
gether to the manner in which they had been reached. He thought Prof. Huxley 
had fallen into tiie fault of nearly all systematists, and had assiyied too much im- 
portance to one single charaxster, whereas he ^tlie speaker) believed that a natural 
arrangement could only be made out by takmg an aggregate of characters. In 
particular, he thought the variable value of the palatal cnaracter was shewn by the 
first and last cases mentioned by Prof. Huxley. The Tinamous, which had the 
Emeu's h^, being in almost every other point truly Gallinaceous, and tbe Qroe- 
beaks, which were most undeniable Finches, though they possessed palatal charac- 
ters in common with the Parrots, for which fact possibly the relation between 
structure and habit should be assigned as the reason. However, Prof Newton 
did not for a moment doubt the propriety of Prof. Huxley's views in most cases^ 
and was especially pleased to find his own opinions, which he had been many years 
forming, and which (drawn chiefly from a consideration of the characters of the 
sternal apparatus) were confirmed in a very singular manner by the statements of 
his learned friend, to whom he was sure Ornithologists were most sincerely in- 
debted for putting their science on a more reasonable footing. 

Mr W. K. Parker, F.R.S., insisted on the hi^h value of cranial characters. He 
went further than Prof. Huxley did on the Tmamou question, for he would not 
like to separate the group from the Ostriches, though it had a keel to its sternuoL 
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Pruf. Hoxley bad no prejudice in favour of the palatal characters. Their 
importance had forced itself on his own observation, and their solution was 
entirely an empirical process. It was very difficult to obtain an aggregate of 
chanicters. In answer to an observation by Mr.Sclater, F.R.S., that the changes 
he proposed were not so very violent, he shewed on the paradigm how totally 
subversive they were of the Cuvierian arrangement. 

The Chairman observed that in his opinion internal characters were of little 
use in Zoology. 

NoTB ON CopcTLATiON IN Spidkrs. — It is uow generallv thought that the 
maxillary palpi of the male spider are the distributors of the sperm, and that 
these or^sans are alone concerned in the fertilisation of the female. Even at the 
present time, however, the subject is considered by many to be sub judice, and 
therefore it is desirable that all carefully made observations on this point should 
be duly recorded The following too is particularly valuable because it was 
made on a species of the^enus Epeira, while most of the important observations 
which have previously appeared have been made on Lycosse or Tegenariae. 

At noon on Septemror the 17th, I was standing at an open window looking 
oyer the Fellows' Garden at Caius College, when my attention was attracted by a 
large female Epeira on a web in the comer of the window. By her side a 
detached spider's leg was hanging. This at once suggested to my mind an 
encounter TOtween the sexes. Upon looking round for further evidence I found 
clinging to a thread at some distance below a small spider apparently of the 
same species. This I found was a male, and on closer examination I observed lie 
had lost one of his hindermost legs. Presently he climbed up and round to the 
margin of the web at the point nearest to the female : here he attached a thread 
which he spun out and fixed near the place he had before occupied. This line he 
went over backwards and forwards two or three tinies^ strengthening it and 
taking up all threads impeding his course. Then, after jerking the thr^ from 
below several times, he climbed up, and approached the female. Bhe remained 
peifectly still until he was almost within her reach, then started forward and 
made a grab at him : he, however, saved himself by beating a hasty retreat. Then 
the female moved off to another part of her web, and he again went through 
much the same process. During an hour and half this was repeated over and 
over afi;ain— he continued perseveringly to spin threads to approach her conveni- 
ently, but all to no purpose, for 'as soon as he neared her, she put him to flighty 
and then moved off to another part of the web. But towards Uie close of this 
period, a change gradually came over her, she allowed him to approach her and 
submitted to hQ btroked by him with one of his foremost legs. At first he did it 
very warily, as it always ended by her pouncing at him, and his having to escape 
for his life; but the resistance becanie more and more feeble, and at the com- 
pletion of an hour and half from the time I first observed them, he succeeded in 
effecting a union. This he accomplished vciy suddenly, but with no resistance on 
her part, in fact she aided him by her position. The period during which they 
remained imited could scarcely have been more than three or four seconds, but it 
was sufficiently long for me to observe that the male had its maxillary palpi, side 
by side, firmly pressed down (as if attached) just in front of her spinerctn, while 
his abdomen projected over her cephalothorax. He disunited as suddenly as he 
took up his position, and had onlv just got out of her grasp (for during the 
consummation her legs were stretched out all round him) when she snapped at 
him as bcfora But he cot safely out of her clutches and went feebly off to a 
retired corner, and there ne was resting when I looked out for him half an hour 
afterwards. The female walked off to the centre of her web and there remained 
on the alert for prey. 

Mr BlackwaUS our great English AracKnologist, in his paper read before 
the British Association, gives a lengthened and even more graphic account of 
observations made on Tegenaria civilis and several species of Lycosae, and these 
prove bevond a doubt that the palpi of the male are, in these genem at any rate, 
frequentfy thrust into the vulva of the female. He states, moreover, that " the 
sexes of Lycosa lugubris sometimes continue paired more than four hours ; during 
which period the male applies the palpal organs several hundred times to the 
vulva of the females." Purely this looks as if the opinion of Treviranus was 
correct, that these organs are used for excitation preparatory to the actual union 
of the sexes. But Mr Blackwall considers that these observations, taken together 
with those he next records, are conclusive in showing that the male does fertilize 
the female by means of his palpi. These next experiments were rather strange 
cues. Femades of Tegenaria civilis were submitted to solitary confinement lor 

^ Beport of the Fourteenth Meeting of the British Association. 
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eleyen months, at the end of which period males whose genital apertures had 
been proviously papered over were admitted. The males at once applied their 
palpal organs, and snortly afterwards they were removed, but the females, as in the 
other experiments, commenced .in a few weeks, for the first time during their 
captivity, to lav fertile eggs; but it must be noticed that in one case a female 
continued to lay fertile eggs for two years and a quarter afterwards. The 
females on which these experiments were made were kept in glass phials. Now, 
I cannot help thinking, that so artificial a state of existence might cause con- 
stitutional disturbances sufficient to render them temporarily bayrren, but when 
th^ had become accustomed to their confinement the extra stimulus might be 
sufficient to make them again fertila At any rate, considering how frequently 
spiders lay batches of eggs, and considering that this female Tegenaria, durii^ 
tne two years and a quarter, laid no less than nine batches of eggs all fertile^ it 
is hard to understand on any other hypothesiB why the female laid no eggs for 
eleven months. Still, I must allow that Mr Blackwall's evidence is very strong 
indeed, though I cannot consider it, as he does, conq|usive. One experiment 
occurs to me which, though it would not be altogether satisfactory, nught give 
important results. It is tms : the male spider in some £ases ought to have been 
turned in upon the female after he had had both their palpal organs removed. 

Formerly these palps were considered to be simply intromittent oi^gans. This 
idea, however, was given up when anatomists failed to find any orifice in their 
extremities. Then &e notion was started that these organs were used to collect 
the sperm from the abdominal aperture and to hold it in readiness for rapid 
distrioution to the female organs. This is the view held by Mr Blackwall, but 
I believe we have no evidence of the first part of the performance from any eye- 
witness.' To make the experiments where the male organs were covered more 
perfect the spiders should have been kept for a considerable time witliout being 
able to get at the source of the sperm, before tfie females were admitted. The 
case recorded by Mr Blackwall where the spiders remained ''paired" for four 
hours shows that the palps are not special provisions for rapid fertilisation to 
save the male from too close contact with tne ferocious female — a point which 
Professor Owen insists upon. If these organs are really used for fertilisation I 
think we must search again for a seminal duct in their interior. In the allied 
class, Crustacea, among the Brachyura we find organs known as false feet, whose 
office was for a long time disputed, and no less an authority than Milne-Edwards^ 
declares ''ces appendices paraissent devoir servir k dirigerles vei^ges vers left 
vulves, et peut-etre aussi a exciter ces demiers organes." 

However, in 1850, Mr Spence Bate^ stated that he had several times ''taken 
Carcinus moenas in the act of copulation, under which circumstEmces," he says, 
'* I distinctly saw these styliform processes deeply inserted within the vuivse of 
the femtde.''^ Mr Bate also pointed out for the first time the existence of a vas 
deferens in these false feet. Among these animals copulation lasts for at least 
a day or two, perhaps for a considerably longer period. In the case, however, 
which I have recorded, it is clear to my mind that the maxillary palpi were 
applied for the purpose of holding on, and applied in a definite manner, so that 
the male and female genital apertures came into apposition rapidly, in many 
classes of animals we have instances where appendages appeared to be specially 
modified in the male for the purpose of holding on during sexual union. Such a 
provision is seen in the foremost feet of the male Dytiscus, in the antennee of the 
male Daphnia, and in the ' claspers' of the male shark. Now accessories of this 
kind appear to be particularly necessary where the intromittent organ is absent 
or where that organ is merely temporised. It might be urged that Epe'un has 
scopulcB and stistentacttla, which organs would be amply sufficient for holding 
on, but, for this particular office, I think it can scarcely be doubted that these 
modified palpi would be far more serviceable. Viewing the whole subject 
in a Darwinian point of view, it is obvious that natural selection mi^ht give rise 
to a breed of spiders where the intromittent orean was extremely diort or 
even absent, for it is certain that if the male had this organ of any length it 
would not live to perform its duties a second time; and it has been proved 
that spiders live through several years. But it is not equally easy to under- 
stand how so important a function should be handed on to other append- 
ages which could not at that time have been prepared for the office, ouch a 
change could not have been sudden, so perhaps two methods of fertilization still 
exist among spiders. There are some species of Araneee where the sweltinn at 
the end of the male palpi do not exist. Tnese species should be carefuUy studied. 

Caiiu College, Cambridge, J. OEDGR 

^ Histoire det CrustaciSy Vol. i. p. 169. 

* Annalt and Mag, of Nat. Hist, Vd. vi. Second Beiies, p. 109. 
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